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The continuing trend of system integration has created new challenges for Design 
Engineering. They must strive to consolidate higher complexity, and more feature 
intensive circuits into designs without sacrificing flexibility. Today's competitive 
electronic marketplace has created the need for logic devices, which can provide 
cost effective methods of reducing random logic requirements, interface with fixed 
and custom LSI logic, and maintain the flexible features required to make necessary 
system modifications prior to production. Signetics has responded to this need with 
Signetics Programmable Logic Devices (Signetics PLD). 

The Signetics Programmable Logic family consists of a relatively few devices which 
are designed to address logic needs ranging from random gates in the case of the 
Field Programmable Gate Arrays, to highly sophisticated state machines in the case 
of Field Programmable Logic Sequencers. Signetics pioneered the fully-programma- 
ble AND/OR/INVERT architecture in 1975. In 1987, Signetics will introduce a new 
concept in PLD architectures. Moving away from an AND-OR array structure, the 
Signetics' Programmable Macro Logic architecture relies on a single NAND array 
concept. Signetics' novel architectural approach to Programmable Logic incorpo- 
rates all the advantages associated with more dense complex gate arrays while 
retaining all the benefits of instantly programmable PLDs. By using the programma- 
ble features allowed by either powerful architecture, Signetics Programmable Logic 
can encompass wide-ranging levels of integration without the necessity of a 
multitude of devices, each with a different I/O configuration. The flexible program- 
ming structure allows the designer to "mold" the device architecture to the range of 
applications typically found in system design. In this way, one device can be used to 
perform several functions in the same design. 

The 1 987 Signetics Programmable Logic Data Manual contains information that the 
designer will require in order to effectively utilize these products. 

Signetics Application Specific Products Marketing 
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DEFINITIONS 


Data Sheet 
Identification 


Product Status 


Definition 


Objective Specification 


Formative or In Design 


This data sheet contains the design target or goal 
specifications for product development. Specifications may 
change in any manner without notice. 


Preliminary Specification 


Preproductlon Product 


This data sheet contains preliminary data and supplementary 
data will be published at a later date. Signetics reserves the 
right to make changes at any time without notice in order to 
improve design and supply the best possible product. 


Product Specification 


Full Production 


This data sheet contains Final Specifications. Signetics 
reserves the right to make changes at any time without 
notice in order to improve design and supply the best 
possible product. 
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SIGNETICS PROGRAMMABLE 
LOGIC QUALITY 

Signetics has put together winning processes 
for manufacturing Programmable Logic. Our 
standard is zero defects, and current custom- 
er quality statistics demonstrate our commit- 
ment to this goal. 

The PLD's produced in the Application Spe- 
cific Products Division must meet rigid criteria 
as defined by our design rules and as evaluat- 
ed with a thorough product characterization 
and quality process. The capabilities of our 
manufacturing process are measured and the 
results evaluated and reported through our 
corporate-wide QA05 data base system. The 
SURE (Systematic Uniform Reliability Evalua- 
tion) program monitors the performance of 
our product in a variety of accelerated envi- 
ronmental stress conditions. All of these pro- 
grams and systems are intended to prevent 
product-related problems and to inform our 
customers and employees of our progress in 
achieving zero defects. 



RELIABILITY BEGINS WITH THE 
DESIGN 

Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
circuits. To eliminate the possibility of metal 
migration, current density in any path cannot 
exceed 2 X 1 5 amps/cm 2 . Layout rules are 
followed to minimize the possibility of shorts, 
circuit anomalies, and SCR type latch-up 
effects. Numerous ground-to-substrate con- 
nections are required to ensure that the entire 
chip is at the same ground potential, thereby 
precluding internal noise problems. 



PRODUCT CHARACTERIZATION 

Before a new design is released, the charac- 
terization phase is completed to insure that 
the distribution of parameters resulting from 
lot-to-lot variations is well within specified 
limits. Such extensive characterization data 



also provides a basis for identifying unique 
application-related problems which are not 
part of normal data sheet guarantees. Char- 
acterization takes place from -55°C to 
+ 125°C and at +10% supply voltage. 



QUALIFICATION 

Formal qualification procedures are required 
for all new or changed products, processes 
and facilities. These procedures ensure the 
high level of product reliability our customers 
expect. New facilities are qualified by corpo- 
rate groups as well as by the quality organiza- 
tions of specific units that will operate in the 
facility. After qualification, products manufac- 
tured by the new facility are subjected to 
highly accelerated environmental stresses to 
ensure that they can meet rigorous failure 
rate requirements. New or changed process- 
es are similarly qualified. 



QA05- QUALITY DATA BASE 
REPORTING SYSTEM 

The QA05 data reporting system collects the 
results of product assurance testing on all 
finished lots and feeds this data back to 
concerned organizations where appropriate 
action can be taken. The QA05 reports EPQ 
(Estimated Process Quality) and AOQ (Aver- 
age Outgoing Quality) results for electrical, 
visual/mechanical, hermeticity, and docu- 
mentation audits. Data from this system is 
available on request. 



THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors prod- 
ucts from all Signetics 1 divisions under a 
variety of accelerated environmental stress 
conditions. This program, first introduced in 
1964, has evolved to suit changing product 
complexities and performance requirements. 

The SURE program has two major functions: 
Long-term accelerated stress performance 
audit and a short-term accelerated stress 
monitor. In the case of Bipolar Memory and 
Programmable Logic products, samples are 



selected that represent all generic product 
groups in all wafer fabrication and assembly 
locations. 



THE LONG-TERM AUDIT 

One-hundred devices from each generic fam- 
ily are subjected to each of the following 
stresses every eight weeks: 

• High Temperature Operating Life: 

Tj = 1 50°C, 1 000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 

• High Temperature Storage: Tj = 1 50°C, 
1000 hours 

• Temperature Humidity Biased Life: 85°C, 
85% relative humidity, 1000 hours, 
static biased 

• Temperature Cycling (Air-to-Air): -65°C 
to +150°C, 1000 cycles 



THE SHORT-TERM MONITOR 

Every other week a 50-piece sample from 
each generic family is run to 168 hours of 
pressure pot (15psig, 121°C, 100% saturated 
steam) and 300 cycles of thermal shock 
(-65°C to +150°C). 

In addition, each Signetics assembly plant 
performs SURE product monitor stresses 
weekly on each generic family and molded 
package by pin count and frame type. Fifty- 
piece samples are run on each stress, pres- 
sure pot to 96 hours, thermal shock to 300 
cycles. 



SURE REPORTS 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and an 
estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 

Many customers use this information in lieu of 
running their own qualification tests, thereby 
eliminating time-consuming and costly addi- 
tional testing. 



November 1986 



1-3 



Signetics Application Specific Products 



Quality and Reliability 



RELIABILITY ENGINEERING 

In addition to the product performance moni- 
tors encompassed in the Programmable Log- 
ic SURE program, Signetics' Corporate and 
Division Reliability Engineering departments 
sustain a broad range of evaluation and 
qualification activities. 

Included in the engineering process are: 

• Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities and subcontractors. 

• Device or generic group failure rate 
studies. 

• Advanced environmental stress 
development. 

• Failure mechanism characterization and 
corrective action/prevention reporting. 

The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify the engineering projects. Ad- 
ditional stress systems such as biased pres- 
sure pot, power-temperature cycling, and cy- 
cle-biased temperature-humidity, are also in- 
cluded in the evaluation programs. 



FAILURE ANALYSIS 

The SURE Program and the Reliability Engi- 
neering Program both include failure analysis 
activities and are complemented by corpo- 
rate, divisional and plant failure analysis de- 
partments. These engineering units provide a 
service to our customers who desire detailed 
failure analysis support, who in turn provide 
Signetics with the technical understanding of 
the failure modes and mechanisms actually 
experienced in service. This information is 
essential in our ongoing effort to accelerate 
and improve our understanding of product 
failure mechanisms and their prevention. 



ZERO DEFECTS PROGRAM 

In recent years, United States industry has 
increasingly demanded improved product 
quality. We at Signetics believe that the 
customer has every right to expect quality 
products from a supplier. The benefits which 
are derived from quality products can be 
summed up in the words, lower cost of 
ownership. 



Those of you who invest in costly test equip- 
ment and engineering to assure that incoming 
products meet your specifications have a 
special understanding of the cost of owner- 
ship. And your cost does not end there; you 
are also burdened with inflated inventories, 
lengthened lead times and more rework. 



SIGNETICS UNDERSTANDS 
CUSTOMERS' NEEDS 

Signetics has long had an organization of 
quality professionals, inside all operating un- 
its, coordinated by a corporate quality depart- 
ment. This broad decentralized organization 
provides leadership, feedback, and direction 
for achieving a high level of quality. Special 
programs are targeted on specific quality 
issues. For example, in 1978 a program to 
reduce electrically defective units for a major 
automotive manufacturer improved outgoing 
quality levels by an order of magnitude. 

In 1980 we recognized that in order to 
achieve outgoing levels on the order of 
100PPM (parts per million), down from an 
industry practice of 10.000PPM, we needed 
to supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such unprecedent- 



ed low defect levels could only be achieved 
by contributions from all employees, from the 
R and D laboratory to the shipping dock. In 
short, from a program that would effect a total 
cultural change within Signetics in our attitude 
toward quality. 



QUALITY PAYS OFF FOR OUR 
CUSTOMERS 

Signetics' dedicated programs in product 
quality improvement, supplemented by close 
working relationships with many of our cus- 
tomers, have improved outgoing product 
quality more than twenty-fold since 1980. 
Today, many major customers no longer test 
Signetics circuits. Incoming product moves 
directly from the receiving dock to the produc- 
tion line, greatly accelerating throughput and 
reducing inventories. Other customers have 
pared significantly the amount of sampling 
done on our products. Others are beginning 
to adopt these cost-saving practices. 

We closely monitor the electrical, visual, and 
mechanical quality of all our products and 
review each return to find and correct the 
cause. Since 1981, over 90% of our custom- 
ers report a significant improvement in overall 
quality (see Figure 1). 
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Figure 1. Signetics Quality Progress 
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Figure 2. 


Performance To Schedule On-Time Delivery 





At Signetics, quality means more than work- 
ing circuits. It means on-time delivery of the 
right product at the agreed upon price (see 
Figure 2). Signetics considers Performance to 
Customer Request and Performance to Origi- 
nal Schedule Date to be key Quality issues. 
Employees treat delinquencies as quality de- 
fects. They analyze the cause for the delin- 
quency and seek corrective action to prevent 
future occurance. Continuous effort is given 
to try to acheive the ultimate goal of zero 
delinnuencies. 



ONGOING QUALITY PROGRAM 

The quality improvement program at 
Signetics is based on "Do it Right the First 
Time". The intent of this innovative program 
is to change the perception of Signetics' 
employees that somehow quality is solely a 
manufacturing issue where some level of 
defects is inevitable. This attitude has been 
replaced by one of acceptance of the fact 
that all errors and defects are preventable, a 
point of view shared by all technical and 
administrative functions equally. 

This program extends into every area of the 
company, and more than 40 quality improve- 
ment teams throughout the organization drive 
its ongoing refinement and progress. 

Key components of the program are the 
Quality College, the "Make Certain" Pro- 
gram, Corrective Action Teams, and the Error 
Cause Removal System. 



The core concepts of doing it right the first 
time are embodied in the four absolutes of 
quality: 

1. The definition of quality is conformance 
to requirements. 

2. The system to achieve quality improve- 
ment is prevention. 

3. The performance standard is zero de- 
fects. 

4. The measurement system is the cost of 
quality. 

QUALITY COLLEGE 

Almost continuously in session, Quality Col- 
lege is a prerequisite for all employees. The 
intensive curriculum is built around the four 
absolutes of quality; colleges are conducted 
at company facilities throughout the world. 

"MAKING CERTAIN" - 
ADMINISTRATIVE QUALITY 
IMPROVEMENT 

Signetics' experience has shown that the 
largest source of errors affecting product and 
service quality is found in paperwork and in 
other administrative functions. The "Make 
Certain" program focuses the attention of 
management and administrative personnel on 
error prevention, beginning with each employ- 
ee's own actions. 



This program promotes defect prevention in 
three ways: by educating employees as to the 
impact and cost of administrative errors, by 
changing attitudes from accepting occasional 
errors to one of accepting a personal work 
standard of zero defects, and by providing a 
formal mechanism for the prevention of er- 
rors. 



CORRECTIVE ACTION TEAMS 

Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force 
within the company for quality improvement, 
resolve administrative, technical and manu- 
facturing problems. 



ECR SYSTEM (ERROR CAUSE 
REMOVAL) 

The ECR System permits employees to re- 
port to management any impediments to 
doing the job right the first time. Once such 
an impediment is reported, management is 
obliged to respond promptly with a corrective 
program. Doing it right the first time in ail 

ownership through defect prevention. 

PRODUCT QUALITY PROGRAM 

To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering Council, 
composed of the top product engineering and 
test professionals in the company. This 
group: 

1 . Sets aggressive product quality improve- 
ment goals; 

2. provides corporate-level visibility and fo- 
cus on problem areas; 

3. serves as a corporate resource for any 
group requiring assistance in quality im- 
provement; and 

4. drives quality improvement projects. 

As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 



VENDOR CERTIFICATION 
PROGRAM 

Our vendors are taking ownership of their 
own product quality by establishing improved 
process control and inspection systems. They 
subscribe to the zero defects philosophy. 
Progress has been excellent. 
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Figure 3. Lot Acceptance Rate From Signetics Vendors 



Through intensive work with vendors, we 
have improved our lot acceptance rate on 
incoming materials as shown in Figure 3. 
Simultaneously, waivers of incoming material 
have been eliminated. 



MATERIAL WAIVERS 

1986-(0) (Goal) 
1985- 
1984- 
1983- 
1982- 2 
1981-134 

Higher incoming quality material ensures 
higher outgoing quality products. 



QUALITY AND RELIABILITY 
ORGANIZATION 

Quality and reliability professionals at the 
divisional level are involved with all aspects of 
the product, from design through every step 
in the manufacturing process, and provide 
product assurance testing of outgoing prod- 
uct. A separate corporate-level group pro- 
vides direction and common facilities. 

Quality and Reliability Functions 

• Manufacturing quality control 

• Product assurance testing 

• Laboratory facilities - failure analysis, 
chemical, metallurgy, thin film, oxides 

• Environmental stress testing 

• Quality and reliability engineering 

• Customer liaison 
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COMMUNICATING WITH EACH 
OTHER 

For information on Signetics' quality pro- 
grams or for any question concerning product 
quality, the field salesperson in your area will 
provide you with the quickest access to 
answers. Or, write on your letter-head directly 
to the corporate director of quality at the 
corporate address shown at the back of this 
manual. 

We are dedicated to preventing defects. 
When product problems do occur, we want to 
know about them so we can eliminate their 
causes. Here are some ways we can help 
each other: 

• Provide us with one informed contact 
within your organization. This will 
establish continuity and build confidence 
levels. 

• Periodic faee-to-faee exchanges of data 
and quality improvement ideas between 
your engineers and ours can help 
prevent problems before they occur. 

• Test correlation data is very useful. 
Line-pull information and field failure 
reports also help us improve product 
performance. 

• Provide us with as much specific data 
on the problem as soon as possible to 
speed analysis and enable us to take 
corrective action. 

• An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 
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This team work with you will allow us to 
achieve our mutual goal of improved product 
quality. 

MANUFACTURING: DOING IT 
RIGHT THE FIRST TIME 

In dealing with the standard manufacturing 
flows, it was recognized that significant im- 
provement would be achieved by "doing 
every job right the first time", a key concept 
of the quality improvement program. During 
the development of the program many pro- 
found changes were made. Figure 4, Pro- 
grammable Logic Process Flow, shows the 
result. Key changes included such things as 
implementing 100% temperature testing on 
all products as well as upgrading test han- 
dlers to insure 1 00% positive binning. Some 
of the other changes and additions were to 
tighten the outgoing QA lot acceptance crite- 
ria to the tightest in the industry, with zero 
defect lot acceptance sampling across all 
three temperatures. 

The achievements resulting from the im- 
proved process flow have helped Signetics to 
be recognized as the leading Quality supplier 
of Programmable Logic. These achievements 
have also led to our participation in several 
Ship-to-Stock programs, which our customers 
use to eliminate incoming inspection. Such 
programs reduce the user cosf of ownership 
by saving both time and money. 

OUR GOAL: 100% 
PROGRAMMING YIELD 

Our original goal back in the early 1970s was 
to develop a broad line of programmable 
products which would be recognized as hav- 
ing the best programming yield in the industry. 
Within the framework of a formal quality 
program, our efforts to improve circuit de- 
signs and refine manufacturing controls have 
resulted in major advances toward that goal. 

Also within the framework of our formal 
quality program we have now established a 
stated goal of 100% programming yield. 
Through the increasing effectiveness of a 
quality attitude of "Do It Right The First 
Time" we're moving ever closer to that tar- 
get. 

Signetics PLD programming yields have been 
shown in collected data from internal audits 
and customer reporting to be consistently 
higher than comparable devices produced by 
our competition. We use systematic methods 
involving publication of exacting specifica- 
tions of our programming algorithms, and 
through evaluation of those algorithms as 
implemented in industry standard program- 
ming equipment. Because of this we can 
assure our customers who program Signetics 
PLD's on such qualified equipment they will 
see consistently high yields. Our data base 
shows that average lot programming yield 
exceeds 97%. 
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WAFER 
FABRICATION 



DIE ATTACH 
WIRE BOND 



HERMETIC 
SEAL 



PLASTIC 
ENCAPSULATION 



SCANNING ELECTRON MICROSCOPE CONTROL 

Wafers are sampled daily by the Quality Control Laboratory from each fabrication a r sa and subjected to SEM 
analysis. This process control reveals manufacturing defects such as contact and oxide step coverage in the 
metalization process which may result in early failures. 

DIE SORT VISUAL ACCEPTANCE 

Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and break 
operation. Defects such as scratches, smears and glassivated bonding pads are included in the lot 
acceptance criteria. 



PRE-SEAL VISUAL ACCEPTANCE 

Product is inspected to detect any damage incurred at the die attach and wire bonding stations. Defects such 
as scratches, contamination and smeared ball bonds are included in the lot acceptance criteria. 



STABILIZATION BAKE PRECONDITIONING 

Plastic molded devices are baked to stress wire and die bonds and help eliminate marginal devices. It also 
ensures an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the 
elimination of any remaining cavity moisture. 

TEMPERATURE CYCLING 

Using MIL-STD-883 Method 101 0.1 Condition C devices are cycled from cold to hot temperatures imposing a 
very severe stress which weakens loose bonds and package seals without degrading good devices. A 
loosened bond is later detected during 100% electrical tests. 



SEAL TESTS 

Hermetic package seai integrity is ensured by 100% gross leak testing. 

100% ELECTRICAL TEST 

Every device is tested for functional and AC/DC parameters at high temperature with guard bands to assure 
performance to data sheet limits. 

BURN IN (SUPR II LEVEL B OPTION) 

Devices are burned in for 21 hours at 155°C maximum junction temperature. 



Devices are marked with the Signetics logo, device number and date code or custom symbol per individual 
specification requirements. 

VISUAL 

All products are 100% visually inspected per the requirements specified in Signetics or customer documents. 

100% PRODUCTION ELECTRICAL TESTING 

Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure 
performance to data sheet limits. 

FINAL QUALITY ASSURANCE GATE 

The final QA inspection step guarantees that the specified mechanical and electrical AQL's have been met. 
Every shipment is sealed and identified by QA personnel. 



Figure 4. Application Specific Products Programmable Logic Process Flow 
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Quality and Reliability 



As time goes on the drive for a product line 
that has Zero Defects will grow in intensity. 
These efforts will provide both Signetics and 
our customers with the ability to achieve the 
mutual goal of improved product quality. 

The Application Specific Quality Assurance 
department has monitored PPM progress, 
which can be seen in Figure 5. We are 
pleased with the progress that has been 
made, and expect to achieve even more 
impressive results as the procedures for ac- 
complishing these tasks are fine tuned. 

The real measure of any quality improvement 
program is the result that our customers see. 
The meaning of Quality is more than just 
working circuits. It means commitment to On 
Time Delivery at the Right Place of the Right 
Quantity of the Right Product at the Agreed 
Upon Price. 



Defective Parts per Million 
In Thousands 
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Figure 5. Programmable Logic AOQ (Average Outgoing Quality) 



November 1986 



1-8 



Signetics 



Alphanumeric 
Index 




Application Specific Products 



AN7 




AN8 




AN10 




AN11 




AN12 




AN13 




AN14 




AN15 




AN16 




AN17 




AN18 




AN19 




AN20 




AN21 




AN22 




AN23 




AN24 




AN25 




AN26 




AN27 




AN28 




AN29 




PLC473 


Series 24 


PLHS153 


Series 20 


PLHS473 


Series 24 


PLHS501 


Series 52 


PLHS502 


Series 52 


PLHS18P8A 


Series 20 


PLMC153 


Series 20 


PLS100/PLS101 


Series 28 


PLS103 


Series 28 


PLS105 


Series 28 


FL5105A 


oenes ^o 


PLS151 


Series 20 


PLS153 


Series 20 


PLS153A 


Series 20 


PLS155 


Series 20 


PLS157 


Series 20 


PLS159 


Series 20 


PLS159A 


Series 20 


PLS161 


Series 24 


PLS162 


Series 24 


PLS163 


Series 24 


PLS167 


Series 24 


PLS167A 


Series 24 


PLS168 


Series 24 


PLS168A 


Series 24 


PLS173 


Series 24 


PLS179 


Series 24 


PLUS153 


Series 20 


PLUS173 


Series 24 


PLUS405A 


Series 28 



Single Chip Multiprocessor Arbiter 9-3 

Introduction To Signetics Programmable Logic 9-15 

4-Bit Binary-To-7 Segment Decoder 9-27 

PLD Programmable Retriggerable One-Shot 9-51 

Low Cost Programmer For PLD 20-Pin Series 9-55 

Oscillator With PLS1 59 9-71 

Latches &Flip-Flops With PLS1 53 9-76 

PLS159 Primer 9-89 

PLS1 59 As Modulo Counters 9-100 

Electronic Combination Lock 9-1 07 

Schmitt Trigger Using PLS1 53 and PLS1 59 9-110 

Electronic Dice 9-118 

Single Pin Debouncer Using 82S1 53/ 159 9-122 

9-Bit Parity Generator/Checker With 82S1 53/1 53A 9-125 

PLS151 Toolkit 9-131 

PLS1 68/1 68A Primer 9-139 

PLS1 73 As A 10-Bit Comparator, 74LS460 9-152 

A Simple Entry/Exit Meeting Device (PLS1 57) 9-158 

PLHS18P8A Primer 9-164 

PLHS473 Primer 9-172 

High-Speed 1 2-Bit Tracking A/ D Converter Using PLS1 79..., 9-180 

PLHS501 Programmable Macro Logic Primer 9-191 

Erasable-Programmable Logic Array (20 X 24 X 11) 5-91 

Field-Programmable Logic Array (18 X 42 X 10) 4-21 

Field-Programmable Logic Array (20 X 24 X 1 1 ) 5-85 

Programmable Macro Logic Random Logic Unit (32 x 72 X 24) 3-9 

Programmable Macro Logic Sync/Async Register Macro Unit (32 X 64 X 24) 3-19 

Programmable AND Array Logic (18 X 72 X 8) 4-67 

Mask-Programmable Logic Array (18 X 42 X 10) 3-3 

Field-Programmable Logic Array (16 X 48 X 8) 6-3 

Field-Programmable Gate Array (16 X 9 X 9) 6-10 

Field-Programmable Logic Sequencer (16 X 48 X 8) 6-16 

Field-Programmable Logic Sequencer (16 X 48 X 8) ,,,,,,,,,,,,,,,.,., 6-27 

Field-Programmable Gate Array (18 X 15 X 12) 4-3 

Field-Programmable Logic Array (1 8 X 42 X 10) 4-9 

Field-Programmable Logic Array (1 8 X 42 X 1 0) 4-15 

Field-Programmable Logic Sequencer (1 6 X 45 X 12) 4-27 

Field-Programmable Logic Sequencer (16 X 45 X 12) 4-37 

Field-Programmable Logic Sequencer (16 X 45 X 12) 4-47 

Field-Programmable Logic Sequencer (16 X 45 X 12) 4-57 

Field-Programmable Logic Array (12 X 48 X 8) 5-3 

Field-Programmable Address Decoder (16 X 5) 5-9 

Field-Programmable Address Decoder (12X9) 5-15 

Field-Programmable Logic Sequencer(14 X 48 X 6) 5-21 

Field-Programmable Logic Sequencer; Enhanced Speed (14 X 48 X 6) 5-33 

Field-Programmable Logic Sequencer (1 2 X 48 X 8) 5-45 

Field-Programmable Logic Sequencer; Enhanced Speed (1 2 X 48 X 8) 5-57 

Field-Programmable Logic Array (22 X 42 X 1 0) 5-69 

Field-Programmable Logic Sequencer (20 X 45 X 1 2) 5-75 

Field-Programmable Logic Array (18 X 42 X 10) 3-5 

Field-Programmable Logic Array (22 X 42 X 1 0) 3-7 

Field-Programmable Logic Sequencer (16 X 64 X 8) 6-38 
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SIGNETICS PN 


ARCHITECTURE 


PACKAGE 


TOTAL 

INPUTS 

(# DEDICATED) 


PRODUCT 
TERMS 


INTERNAL 

STATE 
REGISTERS 


OUTPUTS 


Tpo 


Ice 














C, I/O, R, Rl/O 


(Typical Values) 1,2 




FPGA 
















PLS103 
PLS151 


16X9 X 9 
18 X 15 X 12 


28 Pin 
20 Pin 


16 
18 (6) 


9 
15 






9 C 
12 I/O 


20ns 
15ns 


120mA 
130mA 




FPAD 
















PLS162 
PLS163 


16 X 5 
12 X 9 


24 Pin 
24 Pin 


16 
12 


5 
9 






5 C 
9 C 


20ns 
20ns 


120mA 
120mA 




FPLA 
















PLS100 

PLS153 

PLS153A 

PLHS153** 

PLUS153** 

PLC153** 

PLS161 

PLS173 

PLC173** 

PLUS173** 

PLHS473 

PLC473** 

PLHS18P8A 


16 X 48 X 8 
18 X 42 X 10 
18X42X 10 
18 X42X 10 
18 X42X 10 
18X42X 10 
12 X 48 X 8 
22 X 42 X 10 
22 X 42 X 10 
22 X 42 X 10 
20 X 24 X 1 1 
20 X 24 X 1 1 
18 X 72 X 8 


28 Pin 
20 Pin 
20 Pin 
20 Pin 
20 Pin 
20 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
20 Pin 


16 

18(8) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
12 

22 (12) 
22 (12) 
22 (12) 
20 (11) 
20 (11) 
18 (10) 


48 
42 
42 
42 
42 
42 
48 
42 
42 
42 
24 
24 
72 

















8 C 
10 I/O 
10 I/O 
10 I/O 
10 I/O 
10 I/O 
8 C 
10 I/O 
10 I/O 
10 I/O 
2 C & 9 I/O 
2 C & 9 I/O 
8 I/O 


35ns 
30ns 
20ns 
15ns 

9ns 
35ns 
35ns 
20ns 
35ns 

9ns 
15ns 
30ns 
15ns 


120mA 
130mA 
130mA 
150mA 
175mA 

25mA 
120mA 
150mA 

25mA 
175mA 
140mA 

25mA 
120mA 




FPLS 
















PLS105 

PLS105A 

PLC105" 

PLUS405** 

PLS155 

PLS157 

PLS159 

PLS167 

PLS167A 

PLS168 

PLS168A 

PLS179 


16 X 48 X8 
16 X 48 X 8 
16 X 48 X 8 
16 X 64 X 8 
16 X 45 X 12 
16X45X 12 
16 X 45 X 12 
14 X 48 X 6 
14 X 48 X 6 
12 X 48 X 8 
12X48X8 
20 X 45 X 12 


28 Pin 
28 Pin 
28 Pin 
28 Pin 
20 Pin 
20 Pin 
20 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 


16 
16 
16 
16 

16 (4) 
16 (4) 
16 (4) 
14 
14 
12 
12 
20 (8) 


48 
48 
48 
64 
45 
45 
45 
48 
48 
48 
48 
45 


6 

6 

6 

8 

4* 

6* 

8* 
6 plus 2* 
6 plus 2* 
6 plus 4* 
6 plus 4* 

8* 


8 R 

8 R 

8 R 

8 R 

8 I/O & 4 R I/O 

6 I/O & 6 R I/O 

4 I/O & 8 R I/O 

6 R 

6 R 

8 R 

8 R 

4 I/O & 8 R I/O 


60ns 
45ns 
50ns 
15ns 
55ns 
55ns 
55ns 
60ns 
45ns 
60ns 
45ns 
45ns 


120mA 
120mA 
40mA 
160mA 
150mA 
150mA 
150mA 
120mA 
120mA 
120mA 
120mA 
145mA 




FPML 
















PLHS501 
PLHS502 


32 X 72 X 24 
32 X 64 X 24 


52 Pin 
52 Pin 


32 (24) 
32 (24) 


72 
64 



16 


16 C and 8 I/O 

16 C or R and 

8 C or R I/O 


20ns 
15/30ns 


250mA 
250mA 



OUTPUTS: 

C = Combinatorial output 

R = Registered output 

I/O = Combinatorial I/O 

R I/O = Registered I/O 

* State registers shared with output registers 

** Under development 

NOTES: 

1 . Tpp = T| S + Tcko f°r registered devices 

2. For worst case specifications refer to data sheets for individual product. 
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Signetics Programmable Logic Devices 
may be ordered by contacting either the 
local Signetics sales office, Signetics 
representatives or authorized distribu- 
tors. A complete listing is located in the 
back of this manual. 



Table 1 provides part number definition 
for Signetics PLD's. The Signetics part 
number system allows complete order- 
ing information to be specified in the part 
number. The part number and product 



description is located on each data 
sheet. 

Military versions of these commercial 
products may be ordered. Please refer 
to the military products data manual for 
complete ordering information. 



Table 1. New Signetics PLD Part Numbering System 



PL 



XX 



YYYY 



PL - Indicator for Signetics 
Programmabie Logic 



(XX) - Process Indicator 

S - Bipolar Junction Isolated 

Schottky - Nichrome fuses 
M - Mask Programmable 
C - CMOS-EPROM cells 
HS - High Speed Bipolar 

Oxide Isolated - Vertical Fuse 
US - High Speed Bipolar Oxide 
isolated - Lateral Fuse 

(YYYY) - Basic Part Number 
(3 or 4 characters) 
(e.g. 100, 105, 153, 168, 173, 18P8, 
151) 

(Z) — Performance indicator 

(may be blank, A, B, C etc. to designate 
speed variations in basic part.) 

(P) - Package Designator 

F - 20-, 24-, 28-pin CERDIP DIP 

N - 20-, 24-, 28-pin Plastic DIP 

A - 20-, 28-lead Plastic Leaded 

Chip Carrier 

FA - 24-, 28-pin CERDIP DIP With 

Quartz Window 
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Signetics has changed its part number- 
ing system for Programmable Logic 
Products. The change is simple and 
straightforward. Simply replace the old 
temperature code and "82" Bipolar 
Memory designator with "PL." This 
change in part numbering has been 
done to create a unique, identifiable 
image for Signetics Programmable Logic 

PART NUMBERING EXAMPLES 



Products. As we continue to introduce 
PLD's with new features, processes, and 
fusing technology, the new system will 
allow us to better describe these prod- 
ucts through the product part number. In 
addition, more critical information can be 
placed on the device itself even when 
plastic leaded chip carriers are used. 
The new part number system does not 



indicate any change in process or tech- 
nology has occurred. The only thing 
changing is the nomenclature. 

We sincerely hope this necessary 
change causes no inconveniences to 
our many customers. Thank you for your 
loyalty. 



OLD PART NUMBER 


NEW PART NUMBER 


DESCRIPTION 


N82S100N 


PLS100N 


Signetics Programmable Logic Field Programmable Logic Array (FPLA) 
Bipolar Schottky Process - Nichrome Fuses - 
28-Lead Dual-ln-Line Package. 


N82S105AA 


PLS105AA 


Signetics Programmable Logic Field Programmable Logic Sequencer (FPLS) 
Bipolar Schottky Process - Nichrome Fuses - High Speed Option - 
28-Lead Plastic Leaded Chip Carrier. 


N/A 


PLC473FA 


Signetics Programmable Logic Field Programmable Logic Array (FPLA) 

CMOS-UV Erasable Fuses - 

24-Lead Cerdip Dual-ln-Line Package with quartz window. 


N/A 


PLMC153F 


Signetics Programmable Logic Programmable Logic Array 
CMOS - Mask Programmable - 
20-Lead Cerdip Dual-ln-Line Package. 


N/A 


PLHS18P8AA 


Signetics Programmable Logic Field Programmable Array 
Oxide Isolated, Bipolar-Vertical Fuses -High Speed Option - 
20-Pin Plastic Leaded Chip Carrier. 



This change affects commercial product only. 
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Introduction 

Signetics Programmable Logic 




WHAT IS PROGRAMMABLE 
LOGIC 

In 1975, Signetics Corporation devel- 
oped a new product family by combining 
its expertise in semi-custom gate array 
products and fuse-link Programmable 
Read Only Memories (PROMs). Out of 
this marriage came Signetics Program- 
mable Logic Family. The PLS100 Field- 
Programmable Logic Array (FPLA) was 
the first member of this family. The FPLA 
was an important industry first in two 
ways. First, the AND/OR/INVERT archi- 
tecture allowed the custom implementa- 
tions of Sum of Product logic equations. 
Second, the three-level fusing allows 
complete flexibility in the use of this 
device family. All logic interconnections 
from input to output are programmable. 



Development of this family did not stop 
with the PLS100. In 1977, the PLS103 
Field-Programmable Gate Array (FPGA) 
and the PLS107 Field-Programmable 
ROM Patch (FPRP) were introduced. 

The PLS105 Field-Programmable Logic 
Sequencer (FPLS) was announced in 
1979. This device represents a signifi- 
cant step forward for PLD. The FPLS is a 
fully-implemented Mealy State Machine 
on a chip. Incorporated into its architec- 
ture are 48 P-terms, an 8-bit Output 
Register, and a 6-bit internal State Reg- 
ister. Reference Figure 1. 

The FPLS can synchronously perform 
sequential routines at 20MHz. All of 
these products are now known as the 
Signetics PLD Series 28 Programmable 
Logic Family. 



Signetics' next innovation in this area 
was the Series 20 Programmable Logic 
Family. All members of this family are 
assembled in 20-pin packages. While 
reducing the number of pins in this 
family, Signetics has utilized controlled 
I/O in order to maintain the utility of the 
Series 20. Appropriate control terms 
have been included to allow active con- 
trol of pin direction. Reference Figure 2. 

The latest addition to the Signetics Pro- 
grammable Logic families is the Series 
24 devices. The PLS161 FPLA and the 
PLS167 FPLS are 24-pin devices com- 
parable to the 28-pin PLS100 and 
PLS105 respectively. These devices 
have been followed by the PLS162/ 
PLS163 Field-Programmable Address 
Decoder and the PLS168 FPLS. 




(C) 



4f 



"-'" L~R<_ 



"COMPLEMENT' 
ARRAY 




48 AND GATES 



^-£> 



F^> 



(N) 



• 28 OR GATES 



^f> 



fc^-O 



6-BIT 

STATE 

REGISTER 



-<d 



8-BIT 
OUTPUT 
REGISTER 




-o 



>HD 



Fo-7 



NOTE: 

I, P, C, N, F and P/E are user-programmable connections. 



Figure 1. FPLS 
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Table 1. PLD Product Family 



20-PIN, SERIES 20 


PART NUMBER 


TYPE 


CONFIGURATION 


PLS151 


FPGA 


18-lnput/12-Output 


PLS153/153A/PLHS153 


FPLA 


1 8-I nput/ 1 0-Output - 42-Term 


PLS155-159 


FPLS 


1 6-lnput/ 1 2-Output - 45-Term 


PLS155 


FPLS 


4 Registered Outputs 


PLS157 


FPLS 


6 Registered Outputs 


PLS159 


FPLS 


8 Registered Outputs 


PLHS18P8A 


FPAA 


1 8-lnput/ 1 0-Output - 72-Term 


24-PIN, SERIES 24 


PLS161 


FPLA 


12-lnput/8-Output - 48-Term 


PLS162 


FPGA 


16-lnput/5-Output 


PLS163 


FPGA 


12-lnput/9-Output 


PLS167 


FPLS 


1 4-lnput/6-Output - 48-Term 
8-Bit State Registers 
6-Output Registers 


PLS168 


FPLS 


1 2-lnput/8-Output - 48-Term 
10-Bit State Registers 
8-Output Registers 


PLS173/PLUS173 


FPLA 


22-I nput/ 1 0-Output - 42-Term 


PLS179 


FPLS 


1 6-lnput/ 1 2-Output - 42-Term 
8-Bit State and Output Registers 


PLHS473/PLC473 


FPLA 


20-lnputs/1 1 -Output - 24-Term 


28-PIN, SERIES 28 


PLS100/101 


FPLA 


1 6-lnputs/8-Output - 48-Term 


PLS103 


FPGA 


16-lnputs/9-Output 


PLS105/105A/PLC105 


FPLS 


1 6-lnputs/8-Output - 48-Term 
6-Bit State Register 
8-Output Registers 


PLUS405 


FPLS 


1 6-lnputs/8-Outputs - 64-Terms 
8-Bit State and Output Registers 






,H£ 








3J, 




p 



S>-T>> 



Figure 2. PLS153 20-Pin Functional Diagram 
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INVERT > DUAL - 2 OUTPUTS 



7450 2X2X2 Fixed Interconnections Dual, 2-Wide, 2-lnput, AND/OR/INVERT 



3> 



HS*~ 



OCTAL 
80UTPUTS 



LD02420S 

PLS100 16 X 48 X 8 Octal, 48-Wide, 16-lnput, AND/OR/INVERT 



PRODUCT DESCRIPTION 

While all PLD devices are architecturally simi- 
lar, the Field-Programmable Logic Array is 
most representative of the concepts involved. 
The FPLA is an AND/OR/iNVERT device, 
with all internal interconnections programma- 
ble via fuse links. If we compare the PLS100 
FPLS to the familiar 7450 AOl gate, the 
similarity of function becomes apparent. 

Package-Gate Replacement 
Potential 

All Signetics PLD devices are capable of 
replacing multiple discrete logic devices. The 
number of packages is dependent on the 
application and the device used. 

If all product terms and inputs on the PLS100 
are utilized, a total of 272 gates and 140 I.C.s 
can theoreticaily be replaced. (See Tabie 2.) 
Since the PLS100 is made up of logic struc- 
tures which are not available as commercial 
logic devices, such as 32 input AND gates 
and 48 input OR gates, these numbers are 
based on breakdowns of these high complex- 
ity logic structures into structures which are 
available as discrete logic. 

The typical application does not fully utilize 
the FPLA, however. We can assume that the 
typical application is as defined in Table 3. 

The replacement of 15-20 I.C.s with one 
PLS100 is not unusual. 




Table 2. Gate Replacement (All Terms Used) 






Gates 


I.C.s 


Each P-Term = 2 8-lnput AND Gates & 1 2-lnput AND Gate = 
OR Matrix = 16 4-lnput OR Gates = 


144 
128 

0-71 


108 
32 



Table 3. Typical Application 



4 Variables/ P-Term 
4 P-Terms/Output 



40 Gates 
15-20 I.C.s 
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PLD ECONOMICS 

The reason any product line exists is because 
it solves a problem in a cost-effective man- 
ner. 

PLD is no different in this respect. Let's 
assume that one PLS100 is replacing only 10 
TTL logic packages. 

If we assume that the average selling price of 
an SSI level device is $0.25, then we have a 
basis for comparison. 

10 I.C.s @ 0.35 = $3.50 

1 PLS100 FPLA = $7.00 

Considering piece-part cost alone does not 
fare well for the PLS100 FPLA. But, part cost 
is one of the smaller costs in systems manu- 
facturing. Let's next consider PC board costs. 



PC BOARD 

The purchase price of a PCB is calculated 
on a per square inch basis. Typical costs 
at the 5K level are $0.23/in 2 , the cost for 
LS is 1.2in 2 = $0.23/in 2 = $0.28. For a 
28-pin FPLA device, the packing density is 

Table 4. Cost Analysis 



1-PLS100 per 2.5in, giving a cost of 
2.5in 2 X $0.23/in 2 = $0.58. 



PCB FABRICATION 

Now let's consider the cost of building the 
board. The primary cost for PCB fabrication is 
parts preparation and stuffing. 

Estimates by PCB manufacturers indicate a 
nominal cost of $0.14 per device for LS TTL 
and $0.16 for 28-pin FPLA. There is also a 
basic cost of $0.02 per in 2 for handling, 
soldering, and inspecting. 

The cost of incoming inspection and invento- 
ry/usage must also be considered in any fair 
comparison. 



INCOMING INSPECTION 

The cost of incoming inspection can be 
calculated on a per-pin basis. Assuming an 
equal mix of 14- and 16-pin SSI parts and a 
testing cost of $0.01 per pin, the LS TTL cost 
is $0.15 per I.C. The corresponding cost for 





LS TTL 


FPLA 


IC COMPONENTS 


.35 


7.00 


PCB MANUFACTURING 






Incoming Inspection 


.15 


.28 


Component Inventory/Usage 


.03 


.16 


PC Board 


.28 


.58 


Fabrication 


.14 


.16 


Test 


.18 


.45 


Rework 


.09 


.18 


ASSEMBLY LABOR 


.28 


.65 


COST PER COMPONENT 


1.50 


9.46 


NUMBER OF COMPONENTS 


X 10 


X 1 


TOTAL 


15.00 


9.46 


CONCLUSION: 






THE FPLA is a 37% savings over 


the LS TTL DESIGN. 





the PLS100 would be $0.01 X 28 or $0.28 
total. 



COMPONENT INVENTORY/ 
USAGE 

The inventory cost for LS TTL parts is domi- 
nated by inventory maintenance, while the 
LSI type parts, the piece price dominates. 
Assuming a 2% usage rate due to parts 
breakage, burnout, etc., in the manufacturing 
process, the parts cost for LS TTL is 
2% X $0.25 = $0,005. Adding $0.02 per de- 
vice for inventory maintenance, the total LS 
cost $0.03. For FPLA, 2% = $7.00± 
$0.02 = $0.16. 

Consideration must also be given to testing 
the completed PCB and Rework costs. 

PCB TESTING 

Testing costs are generally figured on a PCB 
basis and are usually go-no-go tests using a 
"bed of nails". For this comparison, assume 
a PCB of 5" X 7". The cost for testing the 
completed PCB is estimated to be $3.60 for 
20 I.C.s. This breaks down as $0.18 per LS 
TTL device or about $0.45 per FPLA device. 



PCB REWORK 

The main causes of rework are poorly plated 
holes, solder bridges, and parts inserted in- 
correctly. The "bed of nails" test can usually 
detect all of the faults. Rework costs about 
50% of test costs. The result is $1.80 per 
PCB, or $0.09 per device for LS TTL and 
$0.18 for the 28-pin FPLA. 

System manufacturing costs are harder to 
define. For this comparison we estimated 
$0.28 for each LS device and about $0.65 for 
the FPLA. These costs include backplane 
wiring, final system assembly and test costs. 

Now using these figures, the comparison in 
Table 4 can be made. 
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ean Logic Equations with PLD. Each term in 
each equation simply becomes a direct entry 
into the Logic Program Table. The following 

PLD is capable of Logic Synthesis. No inter- example nitrates this straightforward con- 

mediate step is required to implement Bool- ceo*' 



PLD LOGIC SYNTHESIS 
28-PIN 



X = AB + CD + BD 
X, = AB + CD + EFG 




P-Terms 
P = AB 
Pi = CD 
P 2 = BD 
P3 = AB 
P 4 = EFG 



Xo = Po + Pi + P2 
Xi = P3 + Pi + P4 
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Figure 3. Field-Programmable Logic Array (16 X 48 X 8) PLS100/PLS101 




X = AB + CD + BD 
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X 1= AB + CD + EFG 



Figure 4. Equivalent Fixed Logic Diagram 
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In the previous example, the two Boolean 
Logic equations were broken into Product 
terms. Each P-term was then programmed 
into the P-term section of the PLS100 FPLA 



Program Table. This was accomplished in the 
following manner: 

Step 1 

Select which input pins I0-I15 will corre- 
spond to the input variables. In this case 



A - G are the input variable names. l6 through 
lo were selected to accept inputs A-G re- 
spectively. 





















AND 




POLARITY 




TERM 


5 


1 
4 


3 


1 
2 


1 


1 



INPUT(l m 
9 8 7 


6 


5 


4 


3 


2 


1 





. J. J 1- -I L_ _I_ _I_ _ 

OR 

OUTPUT F P 

7] _ 6 _ P5"J"4"] _ 3 _ P2 1 1 1 





















































1 


















































2 


















































3 


















































4 




















































































































































44 


























45 






















• 










46 
















































47 




















































PIN 
NO 


2 



2 


2 
2 


2 

3 


2 


2 

5 


2 
6 


2 

7 


2 


3 


4 


5 


6 


7 


8 


9 





1 

1 


1 

2 


1 
3 


1 
5 


1 
6 


1 

7 


1 
8 






















A 


B 


C 


D 


E 


F 


G 






















i 1 


































































TB01900S 








Figure 5 



Step 2 

Transfer the Boolean Terms to the FPLA 
Program Table. This is done simply by defin- 
ing each term and entering it on the Program 
Table. 

e.g., P = AB 



This P-term translates to the Program Table 
by selecting A = l 6 = H and B = I5 = H and 
entering the information in the appropriate 
column. 

Pi=CD 



This term is defined by selecting C = l 4 = L 
and D = I3 = H, and entering the data into the 
Program Table. Continue this operation until 
all P-terms are entered into the Program 
Table. 
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Step 3 

Select which output pins correspond to 
each output function. In this case F = Pin 
18 = X , and Ft = Pin 17 = X 1 . 
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Step 4 ,eve ' ' s n '9 n for a Positive logic expression of be expressed as Xi by placing an (L) in the 

Select the Output Active Level desired for tn ' s equation. Therefore, it is only necessary Active Level box above Output Function 1 , 

each Output Function. For X the active t0 P'ace an (H) in the Active Level box above (F^. 

Output Function 0, (Fq). Conversely, X-\ can 
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Step 5 

Select the P-Terms you wish to make 
active for each Output Function. In this 
case X = Po + Pi + P2, so an A has been 
placed in the intersection box for Po and X , 
P-i and Xq and P2 and X . 



Terms which are not active for a given output 
are made inactive by placing a (•) in the box 
under that P-term. Leave all unused P-terms 
unprogrammed. 

Continue this operation until all outputs have 
been defined in the Program Table. 



Step 6 

Enter the data into a Signetics approved 
programmer. The input format is identical to 
the Signetics Program Table. You specify the 
P-terms, Output Active Level, and which P- 
terms are active for each output exactly the 
way it appears on the Program Table. 



Xo = Po + Pi + P2 
X, = P 3 + Pi + P4 
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PLD LOGIC SYNTHESIS 

20-PIN 

When fewer inputs and outputs are required 
in a logic design and low cost is most 
important, the Signetics 20-pin PLD should be 



considered first choice. The PLS153 is an 
FPLA with 8 inputs, 10 I/O pins, and 42 
product terms. The user can configure the 
device by defining the direction of the I/O 
pins. This is easily accomplished by using the 
direction control terms D -Dg to establish 



the direction of pins B0-B9. The D-terms 
control the Tri-state buffers found on the 
outputs of the EX-OR gates. Figures 10 and 
1 1 show how the D-term configures each B x 
Din. 
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Figure 10. PLS153 Functional Diagram 
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Figure 11 
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To control each D-term, it is necessary to HIGH can be forced on all control gate input Programming the fuse permanently places a 

understand that each control gate is a 36- nodes, or fuses can be programmed. When a HIGH (1) on the input to the control gate. The 

input AND gate. To make the Tri-state buffer fuse is programmed, that control gate input input pin no longer has any effect on that 

active (B x pin an output), the output of the node is internally pulled up to HIGH (1). See state, 

control gate must be at logic HIGH (1). This Figure 12 and Figure 13. 
can be accomplished in one of two ways. A 



l = HIGH<1)0- 



OR- 
ARRAY 



H 



FUSE INTACT 




t 



CONTROL GATE 



TO AND 
ARRAY 



l = L0W(0)O- 
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-OB x = OUTPUT 



TRI-STATE 
BUFFER 



OR- 
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TO AND 
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-*— — °B X = 



TRI-STATE 
BUFFER 



Figure 12. Input Effect On Control Gates (Fuse Intact) 
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TC02370S 

Figure 13. Effect On Control Gate If Fuse Is Programmed 
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DEDICATING B x PIN 
DIRECTION 

Since each input to the D-terms is true and 
complement buffered (see Figure 11), when 
the device is shipped with a!! fuses intact, a!! 
control gates have half of the 36 input lines at 
logic low (0). The result of this is all Control 
Gate outputs are low (0) and the Tri-state 
buffers are inactive. This results in all B x pins 
being in the input condition. The resultant 



device is, therefore, an 18-input, 0-output 
FPLA. While useful as a bit bucket or Write- 
Only-Memory (WOM), most applications re- 
quire at least one output. Clearly, the first task 
is to determine which of the B x pins are to be 
outputs. The next step is to condition the 
control gate to make the Tri-state buffer for 
those gates active. To dedicate B and B-i as 
outputs, it is necessary to program all fuses to 
the inputs to Control Gates D and D-|. This 
internally pulls all inputs to those gates to 



HIGH (1) permanently. Since ali inputs to the 
Control Gates are HIGH (1), the output is 
HIGH (1) and the Tri-state buffers for B and 
B-i are active. This permanently enables B 
and B* as outputs. Note that even though Bg 
and 3^ axe outputs, the output data is avail- 
able to the AND array via the internal feed- 
back (see Figure 11a). 

To program this data, the PLS153 Program 
Table is used as shown in Figure 14. 
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NOTES: 

1 . The FPLA is shipped with all links intact. Thus a 
background of entries corresponding to states of 
virgin links exists in the table, shown BLANK for 
clarity. 

2. Unused I and B bits in the AND array are normally 
programmed Don't Care (— ). 

3. Unused product terms can be left blank. 



Figure 14. Dedicating Bq And B-\ As Outputs And B 2 Through Bg As Inputs 
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By placing a ( — ) Don't Care in each input 
box you are specifying that the True and 
Complement fuses are programmed on each 
Control Gate, thus permanently dedicating 
the B and Bi pins as outputs. By placing a 
(0) in all input boxes for B2 - Bg, you are 
specifying that both True and Complement 
fuses are intact. This causes a low (0) to be 
forced on half of the Control Gate inputs, 
guaranteeing the output of the Control Gate 
will be low (0). When the Control Gate out- 
puts are low (0), the Tri-state buffer is inactive 



and the B 2 -B 9 pins are enabled as inputs. 
All B x pin directions can be controlled in this 
manner. 



ACTIVE DIRECTION CONTROL 

Sometimes it is necessary to be able to 
actively change the direction of the B x pins 
without permanently dedicating them. Some 
applications which require this include Tri- 
state bus enable, multi-function decoding, 
etc. This can easily be done by programming 



the Control Gate to respond to one or more 
input pins. It is only necessary to select which 
l x and B x pins will control the pin directions 
and the active level HIGH (H) or LOW (L) that 
will be used. The PLS153 Program Table in 
Figure 15 shows the method of controlling 
B0-B9 with l 7 . When l 7 is LOW (L), pins 
B - B 9 are outputs when l 7 is HIGH (H), pins 
B - Bg are inputs. Note that by programming 
all other l x and B x pins as DON'T CARE ( — ), 
they are permanently disconnected from con- 
trol of B x pin direction. 
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NOTES: 

1. The FPLA is shipped with all links intact. Thus a 
background of entries corresponding to states of 
virgin links exists in the table, shown BLANK for 
clarity. 

2. Unused I and B bits in the AND array are normally 
programmed Don't Care ( — ). 

3. Unused product terms can be left Wank. 



Figure 15. Active Control of Bn.-Bg Using l 7 Active Low (L) 
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The previous 28-pin logic synthesis example 
(Page 2-5) could be done on the PLS1 53 as 
follows: 

X = AB + CD + BD 

X! = AB + CD + EFG 

Note that B was used as a CHANGE input. 
When B is HIGH (H) the outputs appear on 
B 8 and B 9 . When B is LOW (L), the outputs 
appear on B6 and B7. B^ through B 5 are not 
used and therefore left unprogrammed. 



THE ROLE OF AMAZE 
(AUTOMATIC MAP AND ZAP 
ENTRY) IN LOGIC 
DEVELOPMENT 

AMAZE is a software development package 
which provides the logic designer with a multi- 
mode data input capability. This software 
package, which has been developed for both 
mainframe and microcomputer environments, 
allows data entry in the program table format 
previously described, or on one of two equa- 
tion formats. Both Boolean Logic Equations 
and State Variable Equations are supported 
on AMAZE. In addition to the flexible input 
formats offered, AMAZE also provides full 



device documentation, and a functional simu- 
lator. The simulator features manual and 
automatic modes. In the automatic mode, the 
software generates a set of input vectors 
which can be used as functional test vectors. 
1 1 iG manuai rnoue is an interactive procedure 
which allows the designer to input vectors to 
the simulator. The AMAZE simulator then 
responds with the appropriate output vector. 
In both modes, the simulator uses the func- 
tional model generated by the user's input 
data. 

For more information on AMAZE refer to 
Section 8 of the 1987 Signetics Programma- 
ble Logic Data Manual. 
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Figure 16. PLS153 Example 
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SEQUENTIAL LOGIC 
CONSIDERATIONS 

The PLS1 05 and PLS1 55 - PLS1 59 represent 
significant increases in complexity when com- 
pared to the combinatorial logic devices pre- 



viously discussed. By combining the AND/OR 
combinatorial logic with clocked output flip- 
flops and appropriate feedback, Signetics has 
created the first family of totally flexible se- 
quential logic machines. 
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Figure 17. Basic Architecture Of PLS105 FPLS. I, P, N, And F Are Multi-line 
Paths Denoting Groups Of Binary Variables Programmed By The User. 




Figure 18. Typical State Diagram. 

l-i _ 3 Are Jump Conditions Which 

Must Be Satisfied Before Any 

Transitions Take Place. F r Are 

Changes In Output Triggered By l m , 

And Stored In The Output Register. 

State Transitions a — * b and c — > d 

Involve No Output Change. 



o 



=>■ 



6 



Figure 19. Typical State Transition 

Between Any Two States Of 

Figure 18. The Arrow Connecting 

The Two States Gives Rise To A 

Transition Term T n . I Is The Jump 

Condition. 



The PLS105 FPLS (Field-Programmable Log- 
ic Sequencer) is an example of a high-order 
machine whose applications are manifold. 
Application areas for this device include high- 
speed data controllers, microprocessor and 
minicomputer bus arbitration, industrial con- 
trols, timing generation, multi-function count- 
ers and shift registers, and microprocessor- 
driven microcontrollers. The PLS105 is fully 
capable of performing fast sequential opera- 
tions in relatively low-speed processor sys- 
tems. By placing repetitive sequential opera- 
tions on the PLS105, processor overhead is 
reduced. Each PLS105 can be viewed as a 
high-speed, 48-state subroutine. 

The following pages summarize the PLS105 
architecture and features. 

FPLS Architecture 

The PLS105 Logic Sequencer is a program- 
mable state machine of the Mealy type, in 
which the output is a function of the present 
state and the present input. 

With the FPLS a user can program any logic 
sequence expressed as a series of jumps 
between stable states, triggered by a valid 
input condition (I) at clock time (t). All stable 
states are arbitrarily assigned and stored in 
the State Register. The logic output of the 
machine is also programmable, and is stored 
in the Output Register. 

Clocked Sequence 

A synchronous logic sequence can be repre- 
sented as a group of circles interconnected 
with arrows. The circles represent stable 
states, labeled with an arbitrary numerical 
code (binary, hex, etc.) corresponding to 
discrete states of a suitable register. The 
arrows represent state transitions, labeled 
with symbols denoting the jump condition and 
the required change in output. The number of 
states in the sequence depends on the length 
and complexity of the desired algorithm. 
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Figure 20. Typical State Jump From State (0) To State (1), 
If Inputs A = B = "1". The Jump Also Forces F = "1", As Required. 
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Figure 21. Simplified Logic Diagram Of PLS105 FPLS 



State Jumps 

The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but may or may not 
cause a change in machine output (F). 

State jumps can occur only via "transition 
terms" T n . These are logical AND functions 
of the clock (t), the Present state (P), and a 
valid input (I). Since the clock is actually 
applied to the State Register, T n = l»P. When 
T n is "true", a control signal is generated and 
used at clock time (t) to force the contents of 
the State Register from (P) to (N), and to 
change the contents of the Output Register (if 
necessary). The simple state jump in Figure 
20, involving 2 inputs, 1 state bit, and 1 output 
bit, illustrates the equivalence of discrete and 
programmable logic implementations. 

FPLS Logic Structure 

The FPLS consists of programmable AND 
and OR gate arrays which control the Set and 
Reset inputs of a State Register, as well as 
monitor its output via an internal feedback 
path. The arrays also control an independent 
Output Register, added to store output com- 




-»rtr*»+rt*-4 Mi tr'mrf 



o+o+o tranc 



and to hold the output constant during state 
sequences involving no output changes. If 
desired, any number of bits of the Output 
Register can be used to extend the width of 
the State Register, via external feedback. 
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Figure 22. Typical AND Gate Coupled To (I) And (P) Inputs. 
If At Least One Link Pair Remains Intact, T n Is Unconditionally Forced Low. 
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Figure 23. Choice Of Input Polarity Coupling To A Typical 
AND Gate. With Both Links Open, (I) Is Logically Don't Care. 
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Figure 24. Typical Transition Terms 
Involving Arbitrary Inputs And State 
Variables. All Remaining Gate Inputs 
Are Programmed Don't Care. Note 
That T 2 Output Is State Independent. 



Input Buffers 

16 external inputs (l m ) and 6 internal inputs 
(P s ), fed back from the State Register, are 
combined in the AND array through two sets 
of True/Complement (T/C) buffers. There are 
a total of 22 T/C buffers, all connected to 
multi-input AND gates via fusible links which 
are initially intact. 

Selective fusing of these links allows coupling 
either True, Complement, or Don't Care val- 
ues of (l m ) and (P s ). 

"AND" Array 

State jumps and output changes are triggered 
at clock time by valid transition terms T n . 
These are logical AND functions of the pres- 
ent state (P) and the present input (I). 

The FPLS AND Array contains a total of 48 
AND gates. Each gate has 45 inputs — 44 
connected to 22 T/C input buffers, and 1 
dedicated to the Complement Array. The 
outputs of all AND gates are propagated 
through the OR Array, and used at clock time 
(t) to force the contents of the State Register 
from (P) to (N). They are also used to control 
the Output Register, so that the FPLS 8-bit 
output F r is a function of the inputs and 
present state. 
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Figure 25. Typical OR Array Gating Of Transition Terms T 1|2;3 Controlling Ar- 
bitrary State And Output Register Stages. 
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Figure 26. The COMPLEMENT Array Is Logically Constructed From A 48-lnput 

Programmable OR Gate Followed By An Inverter. All AND Terms Coupled To 

The OR Gate Are Complemented At The Inverter Output, And Can Be Fed 

Back As Inputs To The AND Array. 



"OR" Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as de- 
termined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 

Thus, each flip-flop in both registers may 
need to be conditionally set or reset several 
times with T n commands. This is accom- 
plished by selectively ORing through a pro- 
grammable OR Array all AND gate outputs T n 
necessary to activate the proper flip-flop 
control inputs. 

The FPLS OR Array consists of 14 pairs of 
OR gates, controlling the S/R inputs of 14 
State and Output Register stages, and a 
single OR gate for the Complement Array. All 
gates have 48 inputs for connecting to all 48 
AND gates. 

Complement Array 

The COMPLEMENT Array provides an asyn- 
chronous feedback path from the OR Array 
back to the AND Array. 

This structure enables the FPLS to perform 
both direct and complement sequential state 
jumps with a minimum of transition 'AND* 
terms. 

Typically direct jumps, such as Ti and T2 in 
Figure 27 require only a single AND gate 
each. 

But a complement jump such as T3 generally 
requires many AND gates if implemented as a 
direct jump. However, by using the Comple- 
ment Array, the logic requirements for this 
type of jump can be handled with just one 
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TRANSITION TERMS 

AF02160S 



ST, = P X 
T 2 = P Y 



COMPLEMENT [ T 3 = P (X. Y) = PoON + T 2 ) 

a. Typical State Sequence 



P 



P X P Y 



<J°-CK 



COMPLEMENT ARRAY 



T 3 = Po (PqX + PqY ) 
T 3 = Pq[Pq(X + Y)] 
T 3 = Pq[Pq + (X + Y )] 
T 3 = + P (X + Y) 
T 3 = P (X.Y) 



b. Complement Jump 



Figure 27. a. X And Y Specify The Conditional Logic For Direct Jump Transi- 
tion Terms Ti And T 2 . The Complement Jump Term T 3 Is True Only When 
Both T 1 and T 2 Are False, b. Note That The Complementary Logic Expres- 
sion For T 3 , Ti + T 2 , Corresponds Exactly To The Logic Structure Of The 
Complement Array. 



As indicated in Figure 28, the single Comple- 
ment Array gate may be used for many states 
of the state diagram. This happens because 
all transition terms linked to the OR gate 
include the present state as a part of their 
conditional logic. In any particular state, only 
those transition terms which are a function of 
that state are enabled; all other terms cou- 
pled to different states are disabled and do 
not influence the output of the Complement 
Array. As a general rule of thumb, the Com- 
plement Array can be used as many times as 
there are states. 
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c. State Logic Without Using The Complement Array 
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Tdi = I0I1P0 

Td2 = i2Po 



T C 3 = (T d i+T d2 )P = (loli + l2)Po 



Td4 = I2P3 

Td6 = 'ollP3 



T C 5 = (Td4 + T d6 )P 3 = (loh + lz)P3 



T cn = COMPLEMENT STATE TRANSITION TERM 
T dn = DIRECT STATE TRANSITION TERM 
P s = PRESENT STATE 



b. Logic Definition 
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d. State Logic Using The Complement Array 



Figure 28. Logic Reduction With The Complement Array. The Logic State Diagram In (a) Includes Complement Jumps Tc3 And 
T C5 Defined In (b). When Using The Complement Array, A Savings Of 2 Transition Terms Results, As Shown In (c) And (d). 
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Table 5. 20-Pin PLD Sequential Family Summary 



DEVICE 


REGISTERED OUTPUTS 


OUTPUT TYPE 


PLS155 
PLS157 
PLS159 


4-Bit Register 
6-Bit Register 
8-Bit Register 


T.S. 
T.S. 
T.S. 



PLD-20 SEQUENTIAL DEVICES 

The 20-pin PLD family also includes sequen- 
tial devices. These devices are all similar in 
architecture. The major difference consists of 
the number of outputs which are registered. 

FEATURES 

The PLD-20 sequencers have been designed 
with a maximum of flexibility in mind. Each 
element of the architecture contributes to the 
ease of use the PLD-20 family provides. Each 
part has the features listed: 

• J/K flip-flop Output Register 

• Dynamic control of flip-flop type (J/K 
or D) 



• Parallel bus load 

• Asynchronous preset and reset 
capability 

• Combinational I/O pins 

• Programmable enable pins 

• Output feedback to AND Array 
available 



OUTPUT REGISTER 

The Output Register of the PLD-20 sequential 
devices are comprised of fully implemented 
J/K flip-flops. Each flip-flop is positive edge- 
triggered from a common clock. 



In addition, a dynamically controllable "fold- 
back" buffer between the J and K inputs to 
the flip-flop allows the designer to change the 
function of the flip-flop from J/K to D-type 
under the control of the flip-flop control term 
(F). A fuse allows the designer to dedicate the 
flip-flop as a permanent D-type by program- 
ming the fuse. 

By leaving the fuse intact, the flip-flop control 
line (F) is maintained as the active mode 
control. If the output of F is logic Low (0), then 
the flip-flop is configured as a D-type. If the 
output of F is a logic High (1), then the flip- 
flop is configured as a J/K type. Term F is 
programmed in the same manner as the 32 
logic transition terms (T). It is well to note at 
this time that when the flip-flop is configured 
as a D-type, the OR-term driving the K input 
of the flip-flop must not be active. 

During all modes of operation, the output 
register data is fed back to the AND Array. 
This feedback is used to establish present- 
state to next-state jumps. 
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Figure 29 
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PARALLEL BUS LOADING forces the data contained on the F pin into can be used to preload a state into the 

The Output Register may be loaded from the tne J /K flip-flop. It operates synchronously machine, or to latch input data into the AND 
bus via the load control term (L). This feature with the rising edge of the clock. This feature Array. 
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PRESET AND RESET devices. This feature is controlled in the AND- and reset controls are split between the two 

Asynchronous preset and reset capability has Arrav on the PLS159. However, the preset arrays. See the individual data sheets for 

been provided on the PLD-20 sequential and reset function on the PLS155 is con- details. 

trolled via the OR Array. The PLS157 preset 
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COMBINATIONAL I/O PINS programmed and used exactly as the B pins pins. The individual data sheet should be 

Each PLD-20 sequential device has a number on tne PLS153 FPLA. The direction control consulted for the quantity and pin number 
of combinational pins (B n ) which can be te rm (D) establishes the data flow on these assignment for each device. 
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PLA vs. PAL® ARRAYS They offer the mc 

The PLA architecture provides the most effi- highest number of ii 

cient means of implementing logic. The 28- most straightforwan 

pin devices, PLS100/101 and PLS103 are ic device in tne ini 

unique in their ability to directly implement grams illustrate the 

logic, ming the flexible F 

fixed OR Array of 



FPGA LOGIC DIAGRAM 
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NOTES: 

1. Unused P-terms lost to designer. 

2. Common P-term to 2 or more outputs requires 2 or more P-terms; one on eacl 

3. External inverter required to change active level of output. 

4. 10 P-terms used. 

Figure 33. Applicatio 
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NOTES: 

1. All P-terms usable. 

2. Common P-terms available to all outputs. 

3. Programmable outputs eliminate need for external component. 

4. 6 P-terms used. 



Figure 34. 




NOTES: 

1. All gate inputs when a blown link float to a logic "1" 



*PAL is a registered trademark of Monolithic Memories, Inc. 
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COMBINATIONAL I/O PINS programmed and used exactly as the B pins pins. The individual data sheet should be 

Each PLD-20 sequential device has a number on the Pl -S1 53 FPLA. The direction control consulted for the quantity and pin number 
of combinational pins (B n ) which can be term (P) establishes the data flow on these assignment for each device. 
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PLA vs. PAL® ARRAYS 

The PLA architecture provides the most effi- 
cient means of implementing logic. The 28- 
pin devices, PLS100/101 and PLS103 are 
unique in their ability to directly implement 
logic. 



They offer the most useable P-terms, the 
highest number of inputs and outputs, and the 
most straightforward programming of any log- 
ic device in the industry. The following dia- 
grams illustrate the relative ease of program- 
ming the flexible PLA structure against the 
fixed OR Array of the PAL. 



The Signetics approach to programmable 
logic gives the designer the flexibility he 
needs where he needs it — in the device 
itself. The combination of totally flexible archi- 
tecture, more useable product terms, and 
ease of logic implementation make Signetics 
Programmable Logic Family the obvious 
choice. 
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NOTES: 

1. Unused P-terms lost to designer. 

2. Common P-term to 2 or more outputs requires 2 or more P-terms; one on each output. 

3. External inverter required to change active level of output. 

4. 10 P-terms used. 

Figure 33. Application Example PAL Approach 
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NOTES: 

1. All P-terms usable. 

2. Common P-terms available to all outputs. 

3. Programmable outputs eliminate need for external component. 

4. 6 P-terms used. 



Figure 34. PLD Approach 



*PAL is a registered trademark of Monolithic Memories, Inc. 
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FPLA PLS153/153A 



LOW/MEDIUM COMPLEXITY PRODUCT, i.e., 14H/L4 16H/L2 16LS 10H/LS 16C1, 



COMPATIBLE WITH PAL 3 
12H/LS 

ADDITIONAL FEATURES: 

1. PROGRAMMABLE OUTPUT POLARITY 

2. PROGRAMMABLE OR ARRAY 

3. 10 OUTPUTS vs. 8 FOR PAL 

4. 32 PRODUCT TERMS vs. 16 FOR LOW AND MEDIUM PALs 



FPLS PLS155/157/159 COMPATIBLE WITH PAL REGISTERED TYPES 16R3, 16R5, 16R4, etc. 

ADDITIONAL FEATURES: 

1. PROGRAMMABLE AND/OR, ALSO CONTROLLABLE FLIP FLOPS; AS D, TOGGLE, OR JK 



*PAL is a trademark of Monolithic Memories, Inc. 



Figure 35. PLD-20 Product Comparison 




PLD FAMILY SUMMARY 



Fieid-Programmable Gate Arrays 


PLS103 


16 X 9 


28-Pin 


Tri-state (Combinatorial) 


PLS151 


18 X 12 


20-Pin 


Tri-state (Combinatorial) 


Field-Programmable Address Decoders 


PLS162 


16X 5 


24-Pin Tri-state (Combinatorial) 


PLS163 


12 X 9 


24-Pin Tri-state (Combinatorial) 


Field-Programmable Logic Arrays 


PLS100 


16 X 48 X 8 


28-Pin 


Tri-state (Combinatorial) 


PLS101 


16 X 48 X 8 


28-Pin 


Open Collector (Combinatorial) 


pi qiconcoj /oi uc-ico 


iay«y -in 


20-Pin 


Tri-state (Combinatorial) 


PLS161 


12 X 48 X 8 


24-Pin 


Tri-state (Combinatorial) 


PLS173/PLUS173 


22 X 45 X 10 


24-Pin 


Tri-state (Combinatorial) 


PLHS473 


20 X 24 X 1 1 


24-Pin 


Tri-state and Open Collector 


PLC473 


20 X 24 X 1 1 


24-Pin 


Tri-state and Open Collector (CMOS) 


PLHS18P8A 


18 X 72 X 8 


20-Pin 


Tri-state (Combinatorial); Fixed OR Array 


Fieid-Programmable Logic Sequencers 


PLS105/105A 


16 X 48 X 8 


28-Pin 


Tri-state Mealy State Machine 


PLS155 


16 X 42 X 12 


20-Pin 


Tri-state 4-Bit Sequencer 


PLS157 


16 X 42 X 12 


20-Pin 


Tri-state 6-Bit Sequencer 


PLS159/159A 


1 6 X 42 X 1 2 


Oft.DJn 


Ti-Le+o+Q 8-Bit Se n uencer 


PLS167/167A 


14 X 48 X 6 


24-Pin 


Tri-state Mealy State Machine 


PLS168/168A 


12 X 48 X 8 


24-Pin 


Tri-state Mealy State Machine 


PLS179 


20 X 42 X 8 


24-Pin 


Tri-state 8-Bit Sequencer 


PLUS405A 


16 X 64 X 8 


28-Pin 


Tri-state Mealy State Machine 


Field-Programmable Macro Logic 


PLHS501 


32 X 72 X 24 


52-Pin 


Random Logic Unit 


PLHS502 


32 X 64 X 24 


52-Pin 


Registered Logic Unit 
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FPGA LOGIC DIAGRAM 
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NOTES: 

1. All gate inputs when a blown link float to a logic "1" 
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FPGA LOGIC DIAGRAM 
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FPAD LOGIC DIAGRAM 



PLS162 
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1. All gate inputs^ with a blown link float to a logic "1" 
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FPAD LOGIC DIAGRAM 
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FPLA LOGIC DIAGRAM 



PLS100/101 
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NOTES'. 

1. All AND gate inputs with a blown link float to a logic "1" 

2. All OR gate inputs with a blown fuse float to a logic "0" 

3. " ~~ 



November 1986 



2-32 



Signetics Application Specific Products • Series 20 



Signetics Programmable Logic 



Introduction 



FPLA LOGIC DIAGRAM 
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NOTES: 

1. All programmed "AND" gate locations are pulled to a logic "1". 

2. All programmed "OR" gate locations are pulled to a logic "0". 
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NOTES: 

1. All programmed "AND" gate locations are pulled to a logic "V 

2. All programmed "OR" gate locations are pulled to a logic "0". 
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NOTES: 

1. All unprogrammed or virgin 'AND' gate locations are pulled to a logic T 

2. All unprogrammed or virgin 'OR' gate locations are pulled to a logic '0'. 
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NOTES: 

1. All programmed 'AND' gate locations are pulled to a iogic T 

2. All programmed 'OR' gate locations are pulled to a logic 0'. 
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NOTES: 

1. All AND gate inputs with a blown link float to a logic '1'. 

2. All OR gate inputs with a blown fuse float to a logic '0'. 
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NOTES: 

1. All OR gate inputs with a blown link float to a logic '0'. 

2. All other gates and control inputs with a blown link float to a logic '1'. 

3. e denotes WIRE-OR. 
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NOTES: 

1. All OR gate inputs «itn a piown link float to a .ogic '0 : . 

2. All other gates and control inputs with a blown link float to a logic '1 

3. -= denotes WIRc-OH. 

4. ProgWTWttatite connections. 
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NOTES: 

1. All AND gate inputs with a blown lirw float to a logic 

2. All OR gate inputs with a blown link float to a logic "i 
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NOTES: 

1. All programmed "AND" gate locations are pulled to a logic "1" 

2. All programmed "OR" gate locations are pulled to a logic "0". 
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PLD PROGRAMMING 

The current Signetics family of Programmable 
Logic (PLD) products are high-performance 
bipolar and CMOS devices which use various 
fusing elements to provide the many benefits 
of field programming. Programming is accom- 
plished by application of voltages above 
those used for normal operation; therefore, 
no special pins are required for programming. 
The programming voltages and timing re- 
quirements make unintentional programming 
virtually impossible. 



PROGRAMMING INFORMATION 

Complete programming system specifications 
for PLD 20-, 24-, and 28-pin and 52-pin PML 
products are available upon request from 
Application Specific Product Marketing. 

Signetics encourages the purchase of pro- 
gramming equipment from a manufacturer 
who has a full-line of programming products 
to offer. Signetics also encourages the manu- 
facturers of PLD programming equipment to 
submit their equipment for verification of elec- 
trical parameters and programming proce- 
dures. Information on manufacturers offering 
equipment certified by Signetics is available 
on request from Application Specific Product 
Marketing. 



SIGNETICS DISCOURAGES THE 
CONSTRUCTION AND USE OF 
"HOMEMADE" PROGRAMMING 
EQUIPMENT 

In order to consistently achieve excellent 
programming yields, periodic calibration of 
the programming equipment is required. Con- 
sult the equipment manufacturer for the rec- 
ommended calibration interval. Records of 
programming yield, by device type, should be 
kept and any downward trend or sudden 
change should be considered as an indication 
of a need to recalibrate the programming 
equipment. 
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PLMC153 

Mask-Programmable Logic 
Array (18 X 42 X 10) 



Application Specific Products 
• Series 20 

DESCRIPTION 

The PLMC153 is a CMOS, mask-pro- 
grammable functional equivalent of the 
PLS153 and PLS153A FPLAs. Custom 
logic patterns can be generated directly 
from working bipolar PLS153/153A de- 
vices. This enables the user to prototype 
and debug a device in a system prior to 
committing the pattern to a mask set. 
The programmed PLMC153 provides 
maximum production economy, while 
the CMOS process technology reduces 
the power consumption of the PLMC153 
to less than one third of its bipolar 
counterparts. 

Identical to the PLS153 and 153A, the 
PLMC153 is a two-level logic element, 
consisting of 42 AND gates and 10 OR 
gates, featuring programmable I/O po- 
larity and direction. 

All AND gates are iinked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 

On chip T/C buffers coupje either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 

FUNCTIONAL DIAGRAM 



Signetics Programmable Logic 
Objective Specification 



be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

FEATURES 

• Single Mask-Programmable 

• Functionally identical to PLS153 
and PLS153A 

• 8 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 35ns 
(max.) 

• Power dissipation: (typ.) 

- DC: 1mA 

- AC: 1mA/MHz 

• Input Loading: -100juA (max.) 

• Tri-state outputs 

• TTL compatible 



PIN CONFIGURATIONS 
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APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

LOGIC FUNCTION 



NOTE: 

All points are mask-programmable. 



TYPICAL PRODUCT TERM: 
Pn = ABC-D- . . . 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT OUTPUT POLA RITY = L 
Z = P0+_P1 + P2+ . . . 
Z = P0-P1P2 . . . 

NOTES: 

I.For each of the 10 outputs, either function Z 
{Active-High) or 2 (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Application Specific Products 
m Series 20 

DESCRIPTION 

The PLUS153 is a two-level logic ele- 
ment, consisting of 42 AND gates and 
10 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. 

All AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 

On chip T/C buffers coupje either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

The PLUS153 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard pro- 
gramming equipment. 

Order codes are contained on the pages 
following. 



PLUS153 

Field-Programmable Logic 
Array (18 X 42 X 10) 

Signetics Programmable Logic 
Objective Specification 



FEATURES 

• Field-Programmable (Ti-W links) 

• Functionally identical to PLS153/ 
153A and PLHS153 

• 8 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 12ns (max.) 

• Input loading: -100juA (max.) 

• Power dissipation: 700mW (typ.) 

• Tri-state outputs 

• TTL compatible 

APPLICATIONS 

• Random iogic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 
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PIN CONFIGURATIONS 
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A = Plastic Leaded Chip Carrier 



LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 

Pn = ABCD- . . . 
TYPICAL LOGIC FUNCTION: 

AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT O UTPUT POLARI TY = L 
Z = TO +_P1 + P2 + . . . 
Z = PO • P1 • P2 • . . . 

NOTES: 

1 . For each of the 1 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Objective Specification 


Field-Programmable Logic Array (18 x 42 x 10) 


PLUS153 



FPLA LOGIC DIAGRAM 



- (LOGIC TERMS— P) - 



-(CONTROL TERMS)- 
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NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1". 

2. All programmed "OR" gate locations are pulled to logic "0" 

3. • ~ — — - 
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Application Specific Products 
• Series 24 

DESCRIPTION 

The PLUS1 73 is a high-speed version of 
the PLS173 FPLA. The Signetics state- 
of-the-art Oxide Isolated Bipolar fabrica- 
tion process is employed to produce 
performance levels not yet achieved in 
devices of this complexity. 

The PLUS173 is a two-level logic ele- 
ment consisting of 42 AND gates and 1 
OR gates with fusible link connections 
for programming I/O polarity and direc- 
tion. 

All AND gates are linked to 12 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 22 inputs to 10 outputs. 

On chip T/C buffers couple either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

The PLUS173 is field-programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 

FUNCTIONAL DIAGRAM 



PLUS 173 

Field-Programmable Logic 
Array (22 X 42 X 10) 

Signetics Programmable Logic 
Objective Specification 



FEATURES 

• Field-Programmable (Ti-W links) 

• Functionally identical to PLS173 

• 12 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 12ns 
(max.) 

• Input loading: - 100/uA (max.) 

• Power dissipation: 700mW (typ.) 

• Tri-state outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 




PIN CONFIGURATIONS 
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A = Piastio Leaded Chip Carrier 



LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 
Pn = A-B-C-D- . . . 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT O UTPUT POLARI TY = L 
Z = PO +_P1 + P2 + . . . 
Z = P0-P1-P2- . . . 

NOTES: 

1.For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is avaiiaoie, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Objective Specification 


Field-Programmable Logic Array (22 x 42 x 10) 


PLUS! 73 



FPLA LOGIC DIAGRAM 



- (LOGIC TERMS-P) - 



-(CONTROL TERMS)- 



^H H '';;";; H 




NOTES: 

1. All programmed 'AND' gate locations are pulled to logic "1" 

2. All programmed 'OR' gate locations are pulled to logic "0" 
^ 9 — ___ __ 
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Application Specific Products 
• PmL Series 52 

DESCRIPTION 

The PLHS501 is a member of the 
Signetics Programmable Macro Logic 
family. PML is unique in its capability of 
performing other than two level logic 
functions without incurring I/O buffer 
delays. This allows the logic or system 
designer to imbed logical operations or 
macro structures within the framework of 
the I/O pins. Since the imbedded func- 
tions are independent of the delays 
created by the I/O buffers, they can be 
performed at speeds lesser architec- 
tures cannot reproduce. 

The technique used to perform this oper- 
ation is a NAND foldback network which 
allows the direct interconnection of any 
number of logic nodes within the single 
fuse matrix. Macros can be formed and 
then interconnected to the I/O structure. 
In addition, single-level and multi-level 
logic can be performed at speeds which 
reflect only the logic path utilized. There- 
fore, a single-level logic function has a 
very short path through the device. Addi- 
tional levels incur only one NAND fold- 
back delay per level. This delay is less 
than the combined delay created by 
previous generations of devices which 
stipulate that the logic signal must pass 
through I/O buffers after one or two 
levels of logic are performed. 

The PLHS501 is fabricated with 
Signetics, ZA Oxide-Isolated Bipolar 
Process. ZA utilizes Vertical Avalanche 
Migration Programmed (VAMP™) Fuses 
as programming elements. These fuses 
provide high programming yield and reli- 
ability. Proprietary onboard test circuitry 
allows the PLHS501 to be thoroughly 
tested prior to programming. 



PLHS501 

Programmable Macro Logic 
Random Logic Unit* 
(32 X 72 X 24) 



Preliminary Specification 

FEATURES 

• Signetics NAND foldback 
architecture 

• Field-Programmable 

• 24 dedicated inputs 

• Fixed and programmable output 
buffers 

- 8 I/O buffers 

- 8 EX-OR buffers 

- 4 Active-Low buffers 

- 4 Active-High buffers 

• 72 internal NAND foldback terms 

• Supported by AMAZE 
Development System 

• Testable in unprogrammed state 

• Verify Lock Fuse 

• TTL compatible 

• Power dissipation: 1.25W (typ.) 

• Logic delay times 

- Single-level = 18ns (max.) 

- Two-level = 26ns (max.) 

- internal NAND delay = 8ns 
(max.) 

ARCHITECTURE 

• 24 dedicated Inputs; In - U3 

• 4 Active-High l/Os with individual 
enable: B4-B7 

• 4 Active-Low l/Osjwith individual 
fused enable: B0-B3 

• 2 Active-High output pairs; each 
pair with common enable: O0-O3 

• 2 Active-Low output pairs; each 
pair with common enable: O4-O7 

• 4 EX-OR output pairs; each pair 
with common enable: X -X 7 

• 72 internal NAND foldback terms 



PIN CONFIGURATION 
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34 GND 


9 lis 




35 X 6 


10 l 19 




36 X 7 


11 la. 




37 /B 


12 l 21 




38 /B, 


13 (22 




39 /B 2 


14 la 




40 /B 3 


15 B 4 




41 l 


16 B 5 




42 I, 


17 B 5 




43 l 2 


18 B 7 




44 I3 


19 O 




45 i 4 


20 GND 




46 Vex; 


21 O, 




47 l 5 


22 2 
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51 l 9 
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Preliminary Specification 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 



FUNCTIONAL DIAGF 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


52-Pin Plastic Leaded Chip Carrier 


PLHS501A 



ABSOLUTE MAXIMUM RATINGS 1 








I 


RATING 


UNIT 


SYMBOL 


KAHAMt 1 tM 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


Iout 


Output currents 




+ 100 


mA 


TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150X 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 
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Preliminary Specification 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 



LOGIC DIAGRAM 
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Preliminary Specification 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 
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Preliminary Specification 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 



DC ELECTRICAL CHARACTERISTICS 0°C<T A < + 75 o C, 4.75 <V CC < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|L 
V|H 

Vic 


Low 
High 
Clamp 3 ' 4 


Vcc = Min 

V C c = Max 

Vcc = Min, l|N = -l2mA 


2.0 


-0.8 


0.8 
-1.2 


V 


Output voltage 


Vol 
Voh 


Low 3,5 
High 3 ' 6 


Vcc = Min 
Iol= 10mA 
Ioh = -2mA 


2.4 




0.45 


V 


Input current 


In 

llH 


Low 
High 


Vcc = Max 
V| N = 0.45V 
V| N = 5.5V 






-100 
40 


jjlA 


Output current 


'O(OFF) 

tos 


Hi-Z state 10 
Short circuit 4 ' 6 ' 7 


Vcc = Max 
V OU T = 5.5V 
Vout = 0.45V 

Vout = 0V 


-15 




80 
-140 
-70 


ma 

mA 


Ice \ V C c supply current 8 


V C c = Max 




250 


325 


mA 


Capacitance 


l|N 

Cb 


Input 
I/O 


Vcc = 5V 

V| N = 2.0V 

Vqut = 2.0V 




8 

15 




PF 



AC ELECTRICAL CHARACTERISTICS T A = o°C to +75°C, 4.75 < v C c < 5.25V, R 1 =470S2, R 2 = iooofi 




SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


TO 


FROM 


Min 


Typ 


Max 


tpD1 

tpD2 

tpD3 

tp D 4 11 

tpD5 11 

tp D6 11 

tpD7 11 


Outputi 
Output± 
Outputi 

Outputi 
Outputi 
Outputi 


inpuii 
Inputi 
Inputi 
Inputi 
Inputi 
Inputi 


C|_ = 30pF 






20 
18 
18 
28 
26 
26 

8 


ns 
ns 
ns 
ns 
ns 

ns 


Internal 


tOE 
tOD 9 


Output- 
Output+ 


Inputi 
Inputi 




20 
20 


ns 
ns 


C L = 5pF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Vcc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. For Pins 15-19, 21-27 and 37-40, V 0L is measured with Pins 5 and 41 = 8.75V, Pin 43 = 0V and Pins 42 and 44 = 4.5V. 
For Pins 28 - 33 and 35 - 36, V 0L is measured under same conditions EXCEPT Pin 44 = 0V. 

6. Voh is measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = 0V. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with all dedicated inputs at 0V and bidirectional and output pins open. 

9. Measured at V T = V l + 0.5V. 

10. Leakage values are a combination of input and output leakage. 

11. Limits are guaranteed with 10 terms maximum connected to each internal feedback line. 
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Preliminary Specification 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 



TEST LOAD CIRCUIT 



TIMING DIAGRAM 
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MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 



TIMING DEFINITIONS 

tpoi Input to Output delay, one pass, 

with EX-OR buffer 
tpc2 Input to Output delay, one pass, 

with NAND buffer 
tpD3 Input to Output delay, one pass, 

with AND buffer 
tpo4 Input to Output delay, two 

passes, with EX-OR buffer 
tprjs Input to Output delay, two 

passes, with NAND buffer 
tpD6 Input to Output delay, two 

passes, with AND buffer 
tpo7 Feedback delay per internal 

NAND function performed 
top Delay between output change 

and when output is off (Hi-Z or 

High) 
toE Delay between input change and 

when the output reflects 

specified output level 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links open, such that: 

1. All product terms are enabled. 

2. All bidirectional (B) pins are outputs. 

3. All outputs are enabled. 

4. All outputs are Active-High except 
B -B 3 (fusable I/O) and /O4-/O7 
which are Active-Low. 
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Preiiminary Specificatior 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 



PROGRAMMABLE MACRO 
LOGIC 

The architectures of current Programmable 
Logic Devices (PLDs) generally employ pro- 
grammable AND-OR gate strings to permit 
implementing logic functions directly in Sum- 
of-Products form (SOP). Often, that becomes 
a bottleneck which interferes with the efficient 
allocation of the on-chip logic resources. This 
becomes very apparent when considering 
very dense PLDs in high pin-count packages. 

PML is a novel architecture which breaks the 
AND-OR bottleneck by relying instead on a 
single NAND-gate array to implement SOP 
logic functions, and to provide a central 
programmable "interconnect" site supporting 
a periphery of multi-level macros on a chip. 



INTRODUCTION 

Today, system designers in a rush to bring 
their products to market are turning more 
than ever toward Programmable Logic De- 
vices, lured by their blend of design elegance 
and efficiency with instant custom flexibility 
despite limitations in density and architecture. 

To be sure, dramatic advances in Bipolar and 
CMOS processing technologies over the last 
decade have spawned denser and faster 
elements, with an occasional twist in architec- 
ture. Nevertheless, the structure of most 
current PLDs is still anchored on a fixed AND- 
OR gate chain linking primitive input, output, 
and function macros on a chip. Recently, to 
enhance the flexibility and design adaptability 
of early product offerings, denser devices 
have been introduced featuring logic macros 
with local programmable options and bypass 
circuitry. 

However, as densities continue to increase, 
this approach is sure to breed devices with an 
overwhelming architectural maze which is 
altogether difficult to design, comprehend, 
and logically manipulate, complicating rather 
than simplifying their application. 

PML, however, consists of various logic "ac- 
cess" and "process" macros coupled via a 
primitive, central programmable structure in 
the on-chip "interconnect" system (see Fig- 
ure 1). Macros can have various local intelli- 
gence which, in turn, may be fixed or variable 
by means of programmable options also em- 
bedded in the central programmable core. 



AND-OR PLD ARCHITECTURE 

From a fundamental theorem of Boolean 
algebra, any combinational logic function can 
be expressed in Sum-of-Products form involv- 
ing only two levels of logic transformation. 
Such functions can be implemented in hard- 




Figure 1. General PML Architecture Based on a Central Programmable 
"Interconnect" System Interlocking Peripheral Macros 
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Figure 3. Basic Architecture of Current PLDs 



ware by chaining two primitive logic macros 
as indicated in Figure 2. 

The outputs of an AND-OR gate chains can 
be interlaced with higher level macros, such 
as flip-flops, to form sequential logic func- 
tions. These may be further combined into 
standard or custom super-macros which, in 



turn, are interwoven into final system configu- 
rations. Presently, a number of PLDs are 
available which contain fixed sets of logic 
macros with programmable connections. In- 
variably, their architectures are anchored on a 
pair of concatenated AND-OR gate arrays, as 
diagrammed in Figure 3, to permit implement- 
ing logic functions directly in SOP form. 
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Virtually all PLDs fall in three main categories: 
PROM, Fixed OR, and PLA. As illustrated in 
Figure 4, these differ primarily in the program- 
mability of the AND-OR gate chain which, by 
being irrevocably interposed as a two-level 
logic link between on-chip macros and I/O 
paths, often can turn into a design liability. 

For example, in PROMs the exponential in- 
crease in AND array size with number of 
inputs is a severe drawback which limits their 
contention in the logic application arena. 

In fixed OR devices, the fixed inputs to the 
OR array confine their architectures to essen- 
tially a composite of AND-OR, AND-OR-regis- 
ter logic slices defining independent I/O 
paths through the chip. This causes duplica- 
tion of common product terms, and waste of 
unused AND gates in each slice. Also, since 
each slice is dedicated to an output pin, 
devices with registered, programmable I/O 
pins entail an even greater waste of on-chip 
logic resources when configured in register- 
bypass or fixed input modes. Moreover, no 
single level logic functions can be constructed, 
except dedicated on-chip control functions. 

Finally, even as the twin programmability of 
the AND-OR arrays in current PLA-type de- 
vices lends greater flexibility, and may circum- 
vent some of the above problems, it does 
pose difficult process, design and perfor- 
mance compromises in migrating toward 
more dense structures. 

Thus, on the whole, the AND-OR gate chain 
forms a bottleneck which can impair the 
fragmentation and reallocation of the on-chip 
logic resources, curtailing the adaptability and 
efficiency of current PLDs in applications 
involving unstructured algorithms and scat- 
tered logic functions. 
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Figure 4. Programmable AND-OR Chain of Current PLDs 



*PAL is a registered trademark of Monolithic Memories, Inc. 
November 1986 



3-16 



Slgnetics Application Specific Products • PML Series 52 



rrelii i iinopy SpeciiiCotior 



Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 



PLHS501 



NAND-NAND GATE 
EQUIVALENCE 

One way of relieving the burden placed on 
PLDs' architecture by the AND-OR gate 
string is to do away with it altogether, and 
replace it with a new programmable structure 
forged out of a new compromise on silicon 
between "interconnect" redundancy and 
ease of design and application. The approach 
adopted for PML is based on the fundamental 
equivalence between two-level AND-OR and 
NAND-NAND gate constructs in expressing 
combinatorial logic functions in SOP form, as 
illustrated in Figure 5. 

Since programmable NAND-NAND logic 
chains can be formed by coupling identical 
NAND gates with programmable inputs, the 
NAND-array string in Figure 6 can be imple- 
mented as a single global array with feed- 
back. 

A basic NAND-array core linking a periphery 
of primitive macros is shown in Figure 7. 
When the feedback path is just a simple wire, 
the NAND-array can be fragmented into sin- 
gle-level or double-level true/complement 
logic functions by programming respectively 
single (a-c-d). or double (a-b-c-d), intercon- 
necting paths through the array from inputs I 
to output F. 

More complex functions can be implemented 
by programming multi-level logic loops 
through the array. 



* — r"" v. 

b— L^~Li_ r - 


JO F 


c — r~\— i* \ 

D J-* 


s$\ 




LOGIC 
SUM 


LOGIC 
PRODUCT 




V = C~*D X = A^l 




F = X*Y = (A*"B) * (C*D« 


F = (A*B) + (C*D) 




( F = A*B + C*D ) 




LD0680OS 


Figure 5. Equivalent NAND-NAND SOP Expression 
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Figure 6. NAND-NAND Gate Chain Compressed 
Into a Single Array With Feedback 
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BASIC PML ARCHITECTURE 

The primitive NAND core can be expanded to 
support at its periphery a structure of logic 
macros of growing size and complexity, in- 
cluding various types of flip-flops, EX-OR 
gates, buffers, counters, shift registers, multi- 
plexers, decoders, arithmetic/logic units, 
memories, etc. As illustrated in the general 
structure of Figure 8, I/O macros would 
provide off-chip paths to the outside world, 
while FUNCTION macros looped about the 
array would provide the necessary logic pro- 
cessing capability. 

In deference to trade-offs in functionality and 
speed imposed by the array size and loading, 
Type-1 Output (or Function) macros may be 
driven directly from NAND gates, while Type- 
2 macros may be driven by gates first looped 
through the array. There are virtually no limits 
to the number, size, and functionality of the 
on-chip macros surrounding the central core, 
other than those imposed by processing and 
packaging capabilities. 

The main design advantage of PML is that it 
relies upon a single array to interconnect all 
macros. This reduces the design task to that 
of building essentially a PROM-like program- 
mable structure more forgiving than the dou- 
ble array in PLA-type devices, and more 
flexible than that in fixed OR devices. Also, 
the ability to forge the NAND core into multi- 
level logic paths at will increases the usage 
efficiency of the on-chip logic resources, and 
greatly enhances the versatility of PML in 
most applications. 



THE FIRST PML OFFERING 

The first PML device, designated PLHS501 , is 
primarily a combinational logic device includ- 
ing only primitive macros. It is a "gate buck- 
et" whose deceptively simple structure can 
implement virtually all logic functions provid- 
ed by existing combinational PAL/PLA-type 
devices. Also, it is the first to provide true EX- 
OR output functions (in addition to output 
polarity inversion), as well as multi-level gate 
constructs and cross-coupled latches on-chip 
without involving output pins. These are 
shown in Figure 9. 
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Figure 8. General PML Structure 
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Figure 9. Novel Logic Constructs Available With PLHS501 



Built with Signetics' proprietary ZA oxide 
isolation process, and vertical fuses, the 
PLHS501 has a NAND matrix about the size 
of a 16k-bit PROM. With a typical l cc of 
250mA, it features maximum input to output 
delays of 18/26ns over the commercial tem- 
perature range, reflecting respectively single 
and double passes through the NAND array. 
Assuming a conservative "interconnect" fac- 
tor of 20%, the PLHS501 has a density 



roughly equivalent to 1,500 2-input NAND 
gates. 

The PLHS501 is the first member of a grow- 
ing family of devices slated for future intro- 
duction. Built with either Bipolar or Erasable 
CMOS techridlbglesV These will incorporate 
sets of higher level macros, leading to de- 
vices with greater logic power and a more 
efficient utilization of the on-chip interconnect 
system. 
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DESCRIPTION 

The PLHS502 is a member of the 
Signetics Programmable Macro Logic 
family. PML is unique in its capability of 
performing other than two level logic 
functions without incurring I/O buffer 
delays. This allows the logic or system 
designer to imbed logical operations or 
macro structures such as registers with- 
in the framework of the I/O pins. Since 
the imbedded functions are independent 
of the deiays created by the I/O buffers, 
they can be performed at speeds lesser 
architectures cannot reproduce. 

The PLHS502 features a unique clock 
matrix that allows the user to individually 
connect each of the 16 buried registers 
to any of 8 different clock sources. The 
output Q of the 8D type and 8 S-R type 
registers is internally feedback to the 
NAND array, in addition the output Q of 
each register is internally feedback to 
both the NAND array and the clock 
array. Thus the PML architecture elimi- 
nates the requirement of utilizing exter- 
nal I/O pins for register feedback paths. 
The PLHS502 is therefore ideally suited 
for both Synchronous and Asynchro- 
nous State Machines as well as event 
driven controller functions. 

The technique used to perform this oper- 
ation is a NAND foldback network which 
allows the direct interconnection of any 
number of logic nodes within the single 
fuse matrix. Macros can be formed and 
then interconnected to the I/O structure. 
In addition, single level and multiple level 
logic can be performed at speeds which 
reflect only the logic path utilized. There- 
fore, a single-level logic function has a 
very short path through the device. Addi- 
tional levels incur only one NAND fold- 
back delay per level. This delay is less 
than the combined delay created by 
previous generations of devices which 
stipulate that the logic signal must pass 
through I/O buffers after one or two 
levels of logic are performed. 

The PLHS502 is fabricated in Signetics 
ZA Oxide-Isolated Bipolar Process 
which utilizes Vertical Avalanche Migra- 
tion Programmed (VAMP™) Fuses as 
programming elements. These fuses 
provide high programming yield and reli- 



ability. Proprietary onboard test circuitry 
allows the PLHS502 to be thoroughly 
tested prior to programming. 

FEATURES 

• Signetics NAND foldback 
architecture 

• Field-Programmable 

• 20 dedicated inputs 

• 4 input/clock pins 

• 16 buried registers 

- 8 D type 

- 8 S-R type 

• 8 individual clocks 

- 4 from dedicated input/clock 
pins 

- 4 from NAND array 

• 8 bidirectional I/O 

• 16 dedicated outputs 

- 8 Active-High outputs 

- 4 outputs with polarity control 

- 4 Tri-statable outputs with 
polarity control 

• 64 internal NAND foldback terms 

• Logic delay times: 

- Single level = 22ns (max.) 

- Two logic levels = 30ns (max.) 

- Each additional internal NAND 
deiay — 8ns (max.) 

- Maximum operating frequency 
fMAX = 35MHz 

• Supported by AMAZE 
Development System 

• Testable in unprogrammed state 

• Verify Lock Fuse 

• TTL compatible 

• Power dissipation: 1.25W (typ.) 

APPLICATIONS 

• Any digital function requiring 
more than 2 levels of logic 

• Systems requiring state/controller 
functions in conjunction with 
random logic 

• Asynchronous state machines 

• Event-driven state machines 

• Logic sequencers 

• Ripple counters 



PIN CONFIGURATION 



A Package (52-Pin PLCC) 
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PROGRAMMABLE MACRO 
LOGIC 

The architectures of current Programmable 
Logic Devices (PLDs) generally employ pro- 
grammable AND-OR gate strings to permit 
implementing logic functions directly in Sum- 
of-Products form (SOP). Often, that becomes 
a bottleneck which interferes with the efficient 
allocation of the on-chip logic resources. This 
becomes very apparent when considering 
very dense PLDs in high pin-count packages. 

PML is a novel architecture which breaks the 
AND-OR bottleneck by relying instead on a 
single NAND-gate array to implement SOP 
logic functions, and to provide a central 
programmable "interconnect" site supporting 
a periphery of multi-level macros on a chip. 



INTRODUCTION 

Today, system designers in a rush to bring 
their products to market are turning more 
than ever toward Programmable Logic De- 
vices, lured by their blend of design elegance 
and efficiency with instant custom flexibility 
despite limitations in density and architecture. 

To be sure, dramatic advances in Bipolar and 
CMOS processing technologies over the last 
decade have spawned denser and faster 
elements, with an occasional twist in architec- 
ture. Nevertheless, the structure of most 
current PLDs is still anchored on a fixed AND- 
OR gate chain linking primitive input, output, 
and function macros on a chip. Recently, to 
enhance the flexibility and design adaptability 
of early product offerings, denser devices 
have been introduced featuring logic macros 
with local programmable options and bypass 
circuitry. 

However, as densities continue to increase, 
this approach is sure to breed devices with an 
overwhelming architectural maze which is 
altogether difficult to design, comprehend, 
and logically manipulate, complicating rather 
than simplifying their application. 

PML, however, consists of various logic "ac- 
cess" and "process" macros coupled via a 
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Figure 1. General PML Architecture Based on a Central Programmable 
"Interconnect" System Interlocking Peripheral Macros 
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primitive, central programmable structure in gence which, in turn, may be fixed or variable 

the on-chip "interconnect" system (see Fig- by means of programmable options also em- 

ure 1). Macros can have various local intelli- bedded in the central programmable core. 
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AND-OR PLD ARCHITECTURE 

From a fundamental theorem of Boolean 
algebra, any combinational logic function can 
be expressed in Sum-of-Products form involv- 
ing only two levels of logic transformation. 
Such functions can be implemented in hard- 
ware by chaining two primitive logic macros 
as indicated in Figure 2. 

The outputs of an AND-OR gate chains can 
be interlaced with higher level macros, such 
as flip-flops, to form sequential logic func- 
tions. These may be further combined into 
standard or custom super-macros which, in 
turn, are interwoven into final system configu- 
rations. Presently, a number of PLDs are 
available which contain fixed sets of logic 
macros with programmable connections. In- 
variably, their architectures are anchored on a 
pair of concatenated AND-OR gate arrays, as 
diagrammed in Figure 3, to permit implement- 
ing logic functions directly in SOP form. 

Virtually all PLDs fall in three main categories: 
PROM, Fixed OR, and PLA. As illustrated in 
Figure 4, these differ primarily in the program- 
mability of the AND-OR gate chain which, by 
being irrevocably interposed as a two-level 
logic link between on-chip macros and I/O 
paths, often can turn into a design liability. 

For example, in PROMs the exponential in- 
crease in AND array size with number of 
inputs is a severe drawback which limits their 
contention in the logic application arena. 

In fixed OR devices, the fixed inputs to the 
OR array confine their architectures to essen- 
tially a composite of AND-OR, AND-OR-regis- 
ter logic slices defining independent I/O 
paths through the chip. This causes duplica- 
tion of common product terms, and waste of 
unused AND gates in each slice. Also, since 
each slice is dedicated to an output pin, 
devices with registered, programmable I/O 
pins entail an even greater waste of on-chip 
logic resources when configured in register- 
bypass or fixed input modes. Moreover, no 
single level logic functions can be constructed, 
except dedicated on-chip control functions. 

Finally, even as the twin programmability of 
the AND-OR arrays in current PLA-type de- 
vices lends greater flexibility, and may circum- 
vent some of the above problems, it does 
pose difficult process, design and perfor- 
mance compromises in migrating toward 
more dense structures. 

Thus, on the whole, the AND-OR gate chain 
forms a bottleneck which can impair the 
fragmentation and reallocation of the on-chip 
logic resources, curtailing the adaptability and 
efficiency of current PLDs in applications 
involving unstructured algorithms and scat- 
tered logic functions. 




Figure 3. Basic Architecture of Current PLDs 
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Figure 4. Programmable AND-OR Chain of Current PLDs 
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NAND-NAND GATE 
EQUIVALENCE 

One way of relieving the burden placed on 
PLDs' architecture by the AND-OR gate 
string is to do away with it altogether, and 
replace it with a new programmable structure 
forged out of a new compromise on silicon 
between "interconnect" redundancy and 
ease of design and application. The approach 
adopted for PML is based on the fundamental 
equivalence between two-level AND-OR and 
NAND-NAND gate constructs in expressing 
combinatorial logic functions in SOP form, as 
illustrated in Figure 5. 

Since programmable NAND-NAND logic 
chains can be formed by coupling identical 
NAND gates with programmable inputs, the 
NAND-array string in Figure 6 can be imple- 
mented as a single global array with feed- 
back. 

A basic NAND-array core linking a periphery 
of primitive macros is shown in Figure 7. 
When the feedback path is just a simple wire, 
the NAND-array can be fragmented into sin- 
gle-level or double-level true/complement 
logic functions by programming respectively 
single (a-c-d), or double (a-b-c-d), intercon- 
necting paths th.ough the array from inputs i 
to output F. 

More complex functions can be implemented 
by programming multi-level logic loops 
through the array. 
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Into a Single Array With Feedback 



U^-^Z1, 



TYPICAL 

PROGRAMMABLE 

CONNECTION 



? 



r-^ 



— E^n>r-no 



±3E>— □* 



Figure 7. Elementary NAND Array Linking Primitive Macros. 

Note That No Programmable Connection is Implied at 

a Cross of a Solid Line With a Dotted Line 



November 1986 



3-23 



Signetics Application Specific Products • PML Series 52 



Objective Specification 



Programmable Macro Logic Sync/Async Register 
Macro Unit (32 X 64 X 24) 



PLHS502 



BASIC PML ARCHITECTURE 

The primitive NAND core can be expanded to 
support at its periphery a structure of logic 
macros of growing size and complexity, in- 
cluding various types of flip-flops, EX-OR 
gates, buffers, counters, shift registers, multi- 
plexers, decoders, arithmetic/logic units, 
memories, etc. As illustrated in the general 
structure of Figure 8, I/O macros would 
provide off-chip paths to the outside world, 
while FUNCTION macros looped about the 
array would provide the necessary logic pro- 
cessing capability. 

In deference to trade-offs in functionality and 
speed imposed by the array size and loading, 
Type-1 Output (or Function) macros may be 
driven directly from NAND gates, while Type- 
2 macros may be driven by gates first looped 
through the array. There are virtually no limits 
to the number, size, and functionality of the 
on-chip macros surrounding the central core, 
other than those imposed by processing and 
packaging capabilities. 



The main design advantage of PML is that it 
relies upon a single array to interconnect all 
macros. This reduces the design task to that 
of building essentially a PROM-like program- 
mable structure more forgiving than the dou- 
ble array in PLA-type devices, and more 
flexible than that in fixed OR devices. Also, 
the ability to forge the NAND core into multi- 
level logic paths at will increases the usage 
efficiency of the on-chip logic resources, and 
greatly enhances the versatility of PML in 
most applications. 



THE FIRST PML OFFERING 

The first PML device, designated PLHS501 , is 
primarily a combinational logic device includ- 
ing only primitive macros. It is a "gate buck- 
et" whose deceptively simple structure can 
implement virtually all logic functions provid- 
ed by existing combinational PAL/PLA-type 
devices. Also, it is the first to provide true EX- 
OR output functions (in addition to output 
polarity inversion), as well as multi-level gate 



constructs and cross-coupled latches on-chip 
without involving output pins. These are 
shown in Figure 9. 

Built with Signetics' proprietary ZA oxide 
isolation process, and vertical fuses, the 
PLHS501 has a NAND matrix about the size 
of a 16k-bit PROM. With a typical l C c of 
250mA, it features maximum input to output 
delays of 1 8/26ns over the commercial tem- 
perature range, reflecting respectively single 
and double passes through the NAND array. 
Assuming a conservative interconnect" fac- 
tor of 20%, the PLHS501 has a density 
roughly equivalent to 1,500 2-input NAND 
gates. 

The PLHS501 is the first member of a grow- 
ing family of devices slated for future intro- 
duction. Built with either Bipolar or Erasable 
CMOS technologies, these will incorporate 
sets of higher level macros, leading to de- 
vices with greater logic power and a more 
efficient utilization of the on-chip interconnect 
system. 
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DESCRIPTION 

The PLS151 is a single level logic ele- 
ment, consisting of 15 AND gates with 
fusible link connections for programming 
I/O polarity, i/O direction and output 
enable control. 

All gates are linked to 6 inputs (I) and 12 
bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 3 
direction control gates (D), ranging from 
18 inputs to 12 outputs. 

On chip T/C buffers couple either True 
(I, B) or Complement (I, B) input polari- 
ties to each AND gate. The polarity of all 
gate outputs is individually programma- 
ble through a set of EX-OR gates for 
implementing AND/NAND logic func- 
tions. Alternately, if desired, OR/NOR 
logic functions can also be realized by 
programming for each gate the comple- 
ment of its inputs and outputs (DeMor- 
gan's Theorem). 

The PLS151 is field programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 



PLS151 

Field-Programmable Gate 
Array (18 X 15 X 12) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 6 inputs 

• 15 product terms: 

- 12 logic terms 

- 3 control terms 

• 12 bidirectional I/O lines 

• Active-High or -Low outputs 

• Programmable output enable 

• Power dissipation: 575mW (typ.) 

• I/O propagation delay: 25ns 
(max.) 

• Input loading: -100juA (max.) 

• TTL compatible 

• Tri-state outputs 

APPLICATIONS 

• Random gating functions 

• Address decoding 

• Code detectors 

• Memory mapped I/O 

• Fault monitors 

• I/O port decoders 



.□ [£ 



'sO- 





3H 







All Ni-Cr links are initially intact. 



PIN CONFIGURATIONS 




N Package 


">E 




|(j]Vcc 


h (T 




jDBn 


h\T 




18] Bio 


l3|T 




TUBj, 


urr 




J6\Bt 


is|T 




l|] B 7 


Bo(T 




lI]B6 


B, (T 




13]B5 


Ba[T 




TFI B4 


GND go 




TJjB 3 


N = Plastic 




CD04540S 


A Package 


i 3 (T 


h H b V« Bit 

m it] rn 13 ffl 




^ • 


il]B 1 o 


k\± 




if]B9 


is CE 




ii]B8 


BofZ 




iFJBr 


Bi|T 




14] Be 




111 H LllI IhJ bil 

B2 GND B 3 B 4 B s 




A = Plastic Leaded Chip Carrier 



LOGIC FUNCTION 



TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 

X = A-BC- . . . 
ACTIVE-LOW 



X = A-B-C^. . . 
X = A + B + C+ . . . 

NOTES: 

I.For each of the 12 outputs, either function X 
(Active-High) or X (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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FPGA LOGIC DIAGRAM 
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NOTES: 

1. All gate inputs with a blow 

2. Programmable connect 


LD02270S 

n link float to a logic "1". 
ion 
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Field-Programmable Gate 
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PLS151 



ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS151N 


20-pin Piastic Leaded Chip Carrier 


PLS151A 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 1 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VouT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


'OUT 


Output currents 




+ 100 


mA 


TSTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS 0°C < T A < + 75°C, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min | Typ 2 


Max 


Input voltage 3 


V| L Low 
Vih High 
V| C I Clamp 3 ' 4 


Vcc = Min 

V C c = Max 

Vcc = Min, l|N = -12mA 


2.0 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


Vol 
Voh 


Low 
High 


Vcc = Min 
Iol= 10mA 
l H = -2mA 


2.4 




0.5 


V 


Input current 7 


IlL 


Low 
High 


V C c = Max 
V| N = 0.45V 
V iN = 5.5V 






-100 
40 


ma 


Output current 


!o(OFF) 
'OS 


Hi-Z state 
Short circuit 4,5 


Voc = Max 
V uT = 5.5V 
V 0U T = 0.45V 

Vout = ov 


-15 




80 
-140 
-70 


ma 

mA 


ice 


Vcc supply current 


V C c = Max 




115 


155 


mA 


Capacitance 


C|N 

C B 


Input 
I/O 


Vcc = 5V 
V, N = 2.0V 
V B = 2.0V 




8 
15 




PF 



Notes on following page. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470f2, R 2 = ikft, o°c < T A < + 75°C, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


tpD 


Propagation delay 


Output ± 


Input ± 


C L = 30pF 




16 


25 


ns 


t OE 


Output enable 


Output - 


Input ± 




17 


25 


ns 


*OD 


Output disable 6 


Ouput + 


Input ± 


C L = 5pF 




17 


25 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. A! 1 typical values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one pin at a time. 

5. Duration of short circuit should not exceed 1 second. 

6. Measured at V T = V l + 0.5V. 

7. Iil and lm limits are for dedicated inputs only (Iq-'s)- 



TEST LOAD CIRCUIT 



TIMING DIAGRAM 







<j>v cc 




+5V 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


'o 
1 
1 
1 
Is 


GND 


B Y 
8z 


I 
I 
I 
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! | 




! , B 2> 


TC02000S 


1 • 

' . 


i 






-L 






TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

too Delay between input change and 

when output is off (Hi-Z or High). 

toE Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 




"03_ JJ 



WF05390S 

MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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Product Soecification 



Field-Programmable Gate 
Array (18 X 15 X 12) 



PLS151 



LOGIC PROGRAMMING 

In a virgin device all Ni-Cr links are intact. 

The FPGA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this Table the logic state of variables I and 
B associated with each gate G n , D n is as- 
signed a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs at 'H' polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 

4. All B terms are I/O unless otherwise pro- 
grammed. 

"AND" ARRAY -(i, B) 



I/O DIRECTION - (B) 




OUTPUT POLARITY -(B) 



T)L>- 



I ACTIVE LEVEL j CODE 


I HIGH 1 I H 



T)L>-< 



ACTIVE LEVEL CODE 




l,BO- 



«= 



9. 



STATE 


CODE 


| INACTIVE 1 ' 2 






l,BO- 



icz: 



1 G, D 



1 STATE 


CODE | 


| 1, B 


H j 



l,BO — 



if 



S> 



STATE 


CODE 


1. B 


L 



* 



9 

I G, D 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate P n will be unconditionally inhibited if both the true and complement of an input (either I or B) are left intact. 
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FPGA PROGRAM TABLE 



in £ 

< a 

2 O 


X 
X 
X 
X 

u. 
o 


L 
1 


D2 
GO 
G1 
a G2 
* G3 
D1 

G4 

> 

c G5 
G6 
G7 

u DO 

D 

i G8 
I G9 

> G1C 

I 
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__ 
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cr 
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til CE 
N < 

% 3 °- . 

UJ O U; • 

fj CO O i 

s S |r • 

u £ 5 S 

a » go ; 


_ 


_ 


_ 


_ 


CUSTOMER 
PURCHASE 
SIGNETICS 
CUSTOMER 
TOTAL NUM 


_ 


> = 




background of 
sts in the table, 

on't Care(— ). 


~ G11 
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D 
1 
R. 
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AND 
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1 1 
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with all links intact. T 
to states of virgin lln 
Ity. 

e normally programrr 

left blank. 

Gates used only as if 
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NOTES 

1. The FPGA is shl 
entries correspo 
shown BLANK f< 

2. Unused 1 and B 

3. Unused Gates cs 

4. Disregard Polarit 
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Application Specific Products 
e Series 20 

DESCRIPTION 

The PLS1 53 is a two-level logic element, 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming I/O poiarity and direction. 

All AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 

On chip T/C buffers couple either True 
(i, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

The PLS153 is field programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 

Order codes are contained on the pages 
following. 



FUNCTIONAL DIAGRAM 



PLS153 

Field-Programmable Logic 
Array (18 X 42 x 10) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr links) 

• 8 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• !/0 propagation delay: 40ns (max.) 

• Input loading: -100juA (max.) 

• Power dissipation: 650mW (typ.) 

• Tri-state outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

— Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 



PIN CONFIGURATION 




N Package 


kUl 




m]v cc 


11 s 




JJDBg 


bE 




TJ]b 8 


i 3 rr 




17] B 7 


i 4 rr 




TJ]Bs 


is [I 




JlJBs 


isU 




JJ] B 4 


b\T 




13] Bs 


Boti: 




HjBj 


GNO [TO 




31 B, 






CD04680S 


N = Plastic 




LOGIC FUNCTION 




Pn = A-B-C-D- . . . 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT O UTPUT POLARI TY = L 
Z = PO +_P1 +_P2 + . . . 
Z = P0 • P1 • P2 • . . . 

NOTES: 

1 . For each of the 1 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, G, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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PLS153 



FPLA LOGIC DIAGRAM 



- (LOGIC TERMS-P)- 



-(CONTROL TERMS)- 



••EKj 
*EhCl£ 

■tEKJ 



NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1" 

2. All programmed "OR" gate locations are pulled to logic "0". 

3. # " 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS153N 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


! OUT 


Output currents 




+ 100 


mA 


T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75 °C 


Allowable thermal rise 
ambient to junction 


75°C 



The PLS153 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 



DC ELECTRICAL CHARACTERISTICS o°C<T A <75°C, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


Vn 
VJH 

Vic 


Low 
High 
Clamp 3 ' 4 


Vcc = Min 

Vcc = Max 

Vcc = Min, liN = -12mA 


2.0 


-0.8 


0.8 | v 
-1.2 


Output voltage 


Vol 
Voh 


Low 3 ' 5 
High 3 ' 6 


Vcc = Min 
let = 1 5mA 
l H = -2mA 


2.4 


i 0.5 I V 


Input current 11 


IlL 

i|H 


Low 
High 


V C c = Max 
V| N = 0.45V 

w... — c c\/ 






-100 
40 


IxA 


Output current 


'O(OFF) 

bs 


Hi-Z state 10 
Short circuit 4 ' 6 ' 7 


V C c = Max 
Vout = 5.5V 
Vout = 0.45V 

Vout = 0V 


-15 




80 
-140 
-70 


MA 
mA 


Ice 


Vcc supply current 8 


V C c = Max 




130 


155 


mA 


Capacitance 


C|N 

Cb 


Input 
I/O 


Vcc = 5V 
V| N = 2.0V 
V B = 2.0V 




8 P F 

15 ! I 



Notes on following page. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470J2, R 2 =1kft, 0°C < T A < + 75°C, 4.75V <V CC < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


tpD 


Propagation delay 


Output! 


lnput± 


C L = 30pF 




30 


40 


ns 


tOE 


Output enable 


Output- 


lnput± 


C L = 30pF 




25 


35 


ns 


tOD 


Output disable 9 


OutpUt+ 


Inputi 


C L = 5pF 




25 


35 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V C c = 5V. T* = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with + 1 0V applied to I7. 

6. Measured with +10V applied to I0-7. Output sink current is supplied through a resistor to Vcc- 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with l , h at 0V, l 2 -l 7 and B _9 at 4.5V. 

9. Measured at V T = V l + 0.5V. 

1 0. Leakage values are a combination of input and output leakage. 
11.Iil and I|h limits are for dedicated inputs only (I0-I7). 



TEST LOAD CIRCUIT 



TIMING DIAGRAM 



GND 

T" 



INCLUDES SCOPE 
AND JIG 
CAPACITANCE 



► R 2 ±IC L 



±x 



> V 1 ' 5V ^rV 1 ' 5V 



XE 



7^ 



L. Vq 

■1.5V 



•oe!— 



TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

too Delay between input change and 

when output is off (Hi-Z or High). 

toE Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 




+3.ov j 

■ I5nsl ■ t r t, . | 5ns| « 

JL- -L 90% 

— — i 2*/ 

■ I5n8l« H5n 3 | « 

WF05390S 

MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



OV 
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LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this Table the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY -(B) 





>— 

LS01950S 






x+JE 


LS01960S 


I ACTIVE LEVEL 


CODE I 




ACTIVE LEVEL I CODE I 


| HIGH 1 


H J 


LOW ] L J 










tc. 



9. 



STATE I CODE 



INACTIVE 1 - 2 



f t I 



9. 



| STATE 


CODE | 


I '< B 


H ] 



■tfZC 



< 



9 



9. 



STATE I CODE i 



OR ARRAY 


-(B) 




















p 








P 








LS02010S 






LS02020S 






P n STATUS 


CODE 






P n STATUS 


CODE 




ACTIVE 1 


A 


INACTIVE 


• 















VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs at "H" polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 



nu i ca: 

LThis is the initial unprogrammed state of all links. 

2. Any gate P n will be unconditionally inhibited if both the true and complement of an input (either I or B) are 
left intact. 
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FPLA PROGRAM TABLE 
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B(l) 


B(0) 
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4|3 
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9 


8 7 
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CUSTOMER NAME 
PURCHASE ORDE 
SIGNETICS DEVIC 
CUSTOMER SYMB 
TOTAL NUMBER 
PROGRAM TABLE 
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Notes 

1. The FPLA it ■hipped with all (inks intact. Thui a background of 
entries corresponding to slates ol virgin links eitials in the table. 
(Shown BLANK tor clarity.) 

2. Unused 1 and 8 bils in the AND array must be programmed Don't 
Care(-). 

3. Unused product terms can be lelt blank. 
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PIN 
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DESCRIPTION 

The PLS153A is a two-level logic ele- 
ments, consisting of 42 AND gates and 
10 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. 

All AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 

On chip T/C buffers coupje either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

The PLS153A is fieid programmable, 
enabling the user to quickly generate 
custom patterns using standard pro- 
gramming equipment. 

Order codes are contained on the pages 
following. 



FUNCTIONAL DIAGRAM 



PLS153A 

Field-Programmable Logic 
Array (18 X 42 X 10) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr links) 

• 8 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 30ns 
(max.) 

• Input loading: -100/uA (max.) 

• Power dissipation: 650mW (typ.) 

• Tri-state outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 




PIN CONFIGURATIONS 




N Package 


k)U 




20] Vcc 


., m 




H)b 9 


bU 




18] B„ 


'sfJL 




W B 7 


uDE 




JfjJBs 


isLl 




H]Bs 


is EH 




33 b 4 


itLl 




13] B 3 


B |T 




H]B2 


GND Q0 




[13 b, 


N = Plastic 




CD046B0S 


A Package 




<2 H lo Vcc B9 

m m nn ra mn 
J ° i i ' '"i i "i 




bf7 


f • 


ii] b 8 


ujT 




33 B ^ 


i 5 [][ 




16] Be 


"K 




ii] B5 


b\£ 




ifU B 4 




[9j [l£| jllj [l2J [13] 




Bo GND B1 B 2 B3 


COO4690S 

A = Plastic Leaded Chip Carrier 



LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 

Pn = A-B-C-D- . . . 
TYPICAL LOGIC FUNCTION: 

AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT OUTPUT POLA RITY = L 
Z = PO +£1 + P2 + . . . 
Z = P0 • P1 • P2 . . , 

NOTES: 

I.For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Product Specification 



Field-Programmable Logic Array (18 x 42 x 10) 



PLS153A 



FPLA LOGIC DIAGRAM 



- (LOGIC TERMS-P)- 



-(CONTROL TERMS)- 






TT— 



rf — : 



trti 



tr+i 



TT*- 



TtTi 



! i» -i 'il j 



iilS-ili-fh 



-Hi 



t+1-tf 



iiii 



r*i 



-t-ti 



U-i — -4- 



! M H 



•rHi ' S i f 1 ' 



-Kti 



"I I ' ]' 



^n 



<py^>^l<«|j^^ «J»0Cpp«jl<lc|lp <l<J>95f><JC»pp O^PPOC'^Y s Y D ¥ D Vo 7 % Q ° io To ft 



>1 





o,Td, i D 



-[w]b 9 

-0B 7 

-Qbs 

-g B5 
-0 b, 

-Qb, 

-0B, 
-[7J B o 



NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1" 

2. All programmed "OR" gate locations are pulled to logic "0". 

3. ' - Prograromafefe jwnnaeiiQn. 
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Field-Programmable Logic Array (18 x 42 x 10) 


PLS153A 



ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS153AN 


20-pin Plastic Leaded Chip Carrier 


PLS153AA 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


hiSi 


Input currents 


-30 


+ 30 


mA 


•out 


Output currents 




+ 100 


mA 


Ta 
TsTG 


Temperature range 
Operating 
Storage 


i 

+75 

-65 j +150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 




DC ELECTRICAL CHARACTERISTICS 


OX < T A < 75°C, 4.75V < V CC < 5.25V 








SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|L 
V|H 

Vic 


Low 
High 
Clamp 3 ' 4 


Vcc = Min 

V C c = Max 

Vcc = Min, l|N = -12mA 


2.0 


-0.8 


0.8 
-1.2 


V 


Output voltage 


Vol 
Voh 


Low 3 ' 5 
High 3 ' 6 


Vcc = Min 
Iol = 1 5mA 
Iqh = -2mA 


2.4 




0.5 


V 


Input current 11 


IlL 
l|H 


Low 
High 


\/cc = Max 
V| N = 0.45V 
V| N = 5.5V 






-100 
40 


,iA 


Output current 


'0(OFF) 

tas 


Hi-Z state 10 
Short circuit 4 ' 6,7 


V C c = Max 
V 0U T = 5.5V 
Vout = 0.45V 

Vout = 0V 


-15 




80 
-140 
-70 


MA 
mA 


Ice 


Vcc supply current 8 


V C c = Max 




130 


155 


mA 


Capacitance 


C|N 

C B 


Input 
I/O 


V C c = 5V 
V| N = 2.0V 
V B = 2.0V 




8 

15 




PF 



Notes on following page. 
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Field-Programmable Logic Array (18 X 42 X 10) 



PLS153A 



AC ELECTRICAL CHARACTERISTICS R 1 =470S2, R 2 = ika 0°c<T A <+75 o c, 4.75V «v cc < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


IPD 


Propagation delay 


Outputt 


lnput± 


C L = 30pF 




20 


30 


ns 


t E 


Output enable 


Output± 


lnput± 


C L = 30pF 




20 


30 


ns 


tQD 


Output disable 9 


Outputt 


lnput± 


C L = 5pF 




20 


30 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V cc = 5V : T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with + 10V applied to l 7 . 

6. Measured with -MOV applied to lo_7- Output sink current is supplied through a resistor to Vcc- 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with l , 1 at 0V and I2-7 and Bo -9 at 4.5V. 

9. Measured at V T = Vol + 0.5V. 

10. Leakage values are a combination of input and output leakage. 

1 1 . Iih and I)l limits are for dedicated inputs only (In-lg). 



TEST LOAD CIRCUIT 



9Jfa 





•0 
1 
1 
1 
h 

B w 
Bx 


OUT 
GND 


By 




3 1 ' 
1 
1 




1 


1 




1 
1 


D 1 ' 


! 


1 

s 1 , 









TIMING DIAGRAM 



INCLUDES SCOPE 
AND JIG 
CAPACITANCE 




E>* 



X 



5t 1-5V l£ 1.5V 



— 1 J \1 



v 

1.5V 



TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

too Delay between input change and 

when output is oft (Hi-Z or High). 

to E Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 



+3.0V 




►jsns 



0V 




3L. --E- 90% 

\ «&■/ 



»l5nsU ►Ism 

WF05390S 

MEASUREMENTS'. 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Array (18 x 42 X 10) 


PLS153A 



LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this Table the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links, defined 
as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY -(B) 



TO- 



ACTIVE LEVEL 


CODE 


HIGH 1 


H 



TO-' 





LSO 1960S 


ACTIVE LEVEL 


CODE I 


LOW 


L { 



LBC- 




STATE 


CODE 


INACTIVE 1 ' 2 


° 



/ "— l,B 



9. 



STATE 


CODE 1 


1, B 


H j 



l,BO- 



9 



STATE 


CODE | 


i. B 


L 1 



tf 



9. 



P,D 

LS01980S 



OR ARRAY 


-(B) 




















p 








P 








LSO2010S 






LP 

LS02020S 






P„ STATUS 


CODE 






P„ STATUS 


CODE 




ACTIVE 1 


A 


INACTIVE 


• 















1 . This is the 

2. Any gate P n 
left intact. 



initial unprogrammed state of all links. 

will be unconditionally inhibited if both the true and complement of an input (either I or B) are 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs at "H" polarity. 



All P n terms are disabled. 

All P n terms are active on all outputs. 



CAUTION: PLS153A TEST 
COLUMNS 

The PLS153A incorporates two columns not 
shown in the logic block diagram. These 
columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS1 53A in your application. If you are using 
a Signetics-approved programmer the dis- 
abling is accomplished during the device 
programming sequence. If these columns are 
not disabled, abnormal operation is possible. 

Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 
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PLS153A 



FPLA PROGRAM TABLE 
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6(0) 
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u. 
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he 


7 


6 
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43 
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4 3 
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CUSTOMER NAME 
PURCHASE ORDE 
SIGNETICS OEVIC 
CUSTOMER SYMB 
TOTAL NUMBER 
PROGRAM TABLE 
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Notes 

1. The FPLA is shipped wilh All links intact. Thus a background ol 
entries corresponding lo stales of virgin links exists in the table. 
(Shown BLANK lor clarity.) 

2. Unused 1 and 8 bils in Ihe AND array must be programmed Don! 
Care(-). 

3. Unused produci terms can be lell blank. 
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PIN 


8 


7 


6 


5 
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3 


2 
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PLHS153 

Field-Programmable Logic 
Array (18 X 42 X 10) 

Signetics Programmable Logic 
Preliminary Specification 



DESCRIPTION 

The PLHS153 is a high-speed version of 
the PLS153 and PLS153A FPLAs. The 
Signetics state-of-the-art Oxide Isolated 
Bipolar fabrication process is employed 
to produce performance levels not yet 
achieved in devices of this complexity. 

The PLHS153 is a two-level logic ele- 
ments, consisting of 42 AND gates and 
10 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. 

All AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 

On chip T/C buffers coupje either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionaiiy iinked to aii OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

The PLHS153 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard pro- 
gramming equipment. 

FUNCTIONAL DIAGRAM 



FEATURES 

• Field-Programmable 

• Functionally identical to PLS153/ 
153 A 

• 8 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 20ns 
(max.) 

• Input loading: -100jliA (max.) 

• Power dissipation: 650mW (typ.) 

• Tri-state outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 



PIN CONFIGURATIONS 



■°-7-te: 



4£ 







K 



*>*> 



*>■)£>}> 




7-089 



i-J-O a 



N Package 


•o LT 




Ml v cc 


"S 




19] Bs 


bLT 




18] Be 


Is [I 




33 B7 


I 4 [T 




IE Be 


Is LL 




jE b 5 


is LT 




14] 3 4 


h\T 




J3JB3 


BoCE 




31] B2 


GND Q0 




33 B1 


N = Plastic 




CD04680S 


A Package 




>2 H lo V CC Bg 

[Ti [i] m (si fi9] 




feUf 


IDbb 


u[£ 




17JB 7 


is[T 




2HB6 


*E 




15J B S 


k\£ 




14JB4 




L£J I12I Llll |«| I12I 

Bo GND B t B2 B3 




CD04690S 

A = Plastic Leaded Chip Carrier 



LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 
Pn = A-B-C-D- . . . 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT OUTPUT POLA RITY = L 
Z = P0 +_P1 + P2 + . . . 
Z = P0 ■ P1 • P2 . . . 

NOTES: 

1 . For each of the 1 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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FPLA LOGIC DIAGRAM 



- (LOGIC TERMS-P) - 



- (CONTROL TERMS) - 




— 



^$m$ fa^pyty ?yy??'?y w??9?vv h yA,VYo,to 5 ? D< , f D ,ti 






,;.i-i 



Aits 



-X 



1 i 

16 IS 



NOTES: 

1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1". 

2. All unprogrammed or virgin "OR" gate locations are pulled to logic "0" . 
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PLHS153 



ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLHS153N 


20-pin Plastic Leaded Chip Carrier j PLHS153A 



ABSOLUTE MAXIMUM RATINGS 1 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


i|N 


Input currents 


-30 


+ 30 


mA 


bur 


Output currents 




+ 100 i mA 

I 


T A 

T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 j °C 
+ 150 | 



The PLHS153 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 



DC ELECTRICAL CHARACTERISTICS 0°C < T A < 75°C, 4.75V < V cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


i 
V| L j Low 

Vih High 

V,c ! Clamp 3 ' 4 


Vcc = Min 

V C c = Max 

V C c= Min, l| N = -12mA 


2.0 


-0.8 


0.8 
-1.2 


V 


Output voltage 


Vol 
Voh 


Low 3 ' 5 
High 3 ' 6 


Vcc = Min 
Iol= 15mA 
Ioh = - 2rr| A 


2.4 




0.5 


V 


Input current 11 


IlL 
llH 


Low 
High 


V C c = Max 
Vin = 0.45V 
V| N = 5.5V 






-100 
40 


ma 


Output current 


'O(OFF) 


Hi-Z state 10 
Short circuit 4 ' 6 - 7 


V C c = Max 
Vqut = 5.5V 
Vout = 0.45V 

Vout = ov 


-15 




80 
-140 
-70 


ma 

mA 


Ice 


Vcc supply current 8 


V C c = Max 




130 


155 


mA 


Capacitance 


C IN 

C B 


Input 
I/O 


V C c = 5V 
Vim = 2.0V 
V B = 2.0V 




8 
15 


I PF 



Notes on following page. 
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AC ELECTRICAL CHARACTERISTICS r, = 470ft, 


R 2 = 1 kSl, 0°C < T A < + 75°C, 4.75V < V C c < 5.25V 






SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


tpD 


Propagation delay 


Output± 


Inputi 


C L = 30pF 




14 


20 


ns 


t OE 


Output enable 


Output- 


Inputi 


C L = 30pF 




16 


20 


ns 


tOD 


Output disable 9 


Output+ 


Inputi 


C L = 5pF 




14 


20 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with + 1 0V applied to l 5 . 

6. Output sink current is supplied through a resistor to Vcc- 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with all pins = open or 4.5V. 

9. Measured at V T = V 0L + 0.5V. 

10. Leakage values are a combination of input and output leakage. 

11. In. and l| H limits are for dedicated inputs only (\o-k)- 



TEST LOAD CIRCUIT 



JL 





■o 
1 
1 
1 

'7 
8 W 
BX 


DUT 

GND 


B Y 
B Z 




3 1 * 
1 
1 




1 


1 




1 
1 


D 1 " 


, 


1 

3 1 r 









TIMING DIAGRAM 



INCLUDES SCOPE 
AND JIG 
CAPACITANCE 




EX 
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TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

too Delay between input change and 

when output is off (Hi-Z or High). 

t E Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 



-J - 




u u 



+3.0V \| J 

V 10%-/ 

gy y r 

2.5ns 2.5ns 

WF05391S 

MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this Table the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY 


-(B) 














X -|JD- B 

LSO 1950S 




x-JD-* 

LS01960S 


j ACTIVE LEVEL 


CODE 




I ACTIVE LEVEL | CODE I 


| HIGH 


H 


j LOW 1 | L j 










l,BO- 



*J 



4 — '.B 

T,B 



9 

1 P,D 



1 STATE 


CODE 


| INACTIVE 2 






* 



4— l,B 
T.B 



9. 



I.BO- 



■iTT 

*^ ii — i,i 



9 



!,BO- 



H 



9. 



DON'T CARE 1 



OR ARRAY 


-(B) 




















p 








P 








Ls 






LS02020S 






P n STATUS 


CODE 






P n STATUS 


CODE 




ACTIVE 


A 


INACTIVE 1 


• 















NU i CK 

1 . This is the initial unprogrammed state of all links. It is normally associated with all unused (inactive) AND 
gates P n , D n . 

2. Any gate P n will be unconditionally inhibited if both the true and complement of an input (either I or B) are 
programmed for a connection. 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs at "L" polarity. 

2. All P n terms are enabled. 

3. All P n terms are inactive on all outputs. 
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FPLA PROGRAM TABLE 
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DESCRIPTION 

The PLS1 55 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "fold-back" in- 
verting buffer and control gate F<> It 
features 4 registered I/O outputs (F) in 
conjunction with 8 bidirectional I/O lines 
(B). These yield variable I/O gate and 
register configurations via control gates 
(D, L) ranging from 16 inputs to 12 
outputs. 

The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional I/O lines (B), 
internal flip-flop outputs_(Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to aii AND gates for 
generating and propagating complemen- 
tary AND terms. 



FUNCTIONAL DIAGRAM 



PLS155 

Field-Programmable Logic 
Sequencer (16 X 45 X 12) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 8 bidirectional I/O lines 
9 4 bidirectional registers 

• J-K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Clock frequency: 15MHz (max.) 
» input loading: = 100juA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• Tri-state outputs 



PIN CONFIGURATIONS 



(LOGIC TERMS) 



(CONTROL TERMS) 
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APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops. The Asynchronous Preset and 
Reset lines (P, R), are driven from the OR 
matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 

The PLS155 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are contained on the pages 
following. 



VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1. 

2. 

3. 

4. 



LOGIC FUNCTION 



OE is always enabled. 
Preset and Reset are always disabled. 
All transition terms are disabled. 
All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

All B pins, are inputs and all F pins are 
outputs unless otherwise programmed. 



03 02 


01 QO 


( S 


} PRESENT STATE 

"a»¥« C • . . . 


|1|. 


,1.1 


STATE REGISTER 
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(s n 

•Q 


^ NEXT STATE 

• 67) •X«"b« c . . . 


1. I* 


| 1 I 


SETQ„: J 


= (Q 3 '0 


K 


= 






RESET Q, 


J,=0 
K,= (0 3 > 


57 • 


0, • QJ •A«T» C . . . 


HOLD Q 2 : 


J 2 = 
K 2 = 






TOGGLE 


3 : J 3 = (0 3 ^ 


67< 


a, • 67) •a»T« c ... 




K 3 = (°3 


• °7 


• o, • 67) ■'a «T» c . . . 

TB00901S 



NOTES: 

Similar logic functions are applicable for D and T 
mode flip-flops. 



FLIP-FLOP TRUTH TABLE 




OE 


L CK P R J K 


Q 


F 


H 






Hi-Z 


L 
L 


X X H L X X 
X X L H X X 


H 

L 


L 
H 


L 

L 
L 
L 


L t L L L L 
L T L L L H 
L T L L H L 
L t L L H H 


Q 

L 
H 
Q 


Q 
H 
L 
Q 


H 

H 


H T L L L H 

H T L L H L 


L 
H 


L* 


+ 10V 


X t X X L H 
X T X X H L 


L 
H 


H** 

L** 



NOTES: 

1. Positive Logic: 

J/K ^Tq + T! +T 2 T31 

T n = C (lo-'i - lz ...).(Qo«Qi-) .(B .B,....) 

2. tdenotes transition from Low to High level. 

3. X = Don't care 

4. * = Forced at F n pin for loading J/K flip-flop in I/O 
mode. L must be enabted;- and other active T n 
disabled via steering input(s) I, B, or Q. 

5. At P = R = H, Q = H. The final state of Q depends 
on which is released first. 

6. * * = Forced at F n pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS155N 


20-pin Plastic Leaded Chip Carrier 


PLS155A 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


torn 


Output currents 




+ 100 


mA 


T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS 0°C 


< T A < + 75°C, 4.75 < V cc < 5.25V 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


VlH 
VlL 

V,c 


High 
Low 
Clamp 


Vcc = Max 

Vcc = Min 

Vcc = Min, l| N = - 1 2mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 
Low 


Vcc = Min 
Ioh = -2mA 
Iql= 10mA 


2.4 


0.35 


0.5 


V 


Input current 8 


llH 
IlL 


High 
Low 


Vcc = Max 
V| N = 5.5V 
V| N = 0.45V 




< 1 
-10 


80 
-100 


HA 


Output current 


to (OFF) 

tos 


Hi-Z state 8 
Short circuit 4 


V C c = Max 
Vout = 5.5V 

VouT = 0-45V 

VoUT = ov 


-15 


1 

'" -i 


80 

-140 
-70 


mA 


toe 


V C c supply current 7 


V C c = Max 




150 


190 


mA 


Capacitance 


C|N 
C OUT 


Input 
Output 


V cc = 5.0V 
V| N = 2.0V 
V 0UT = 2.0V 




8 

15 




pF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V| H applied to OE. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS o°C<T A <+75°C, 4.75 < v cc < 5.25V, R 1 =470f2, R 2 = ik£2 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 5 


Typ 1 


Max 


Pulse width 


tCKK 
tCKL 
tcKP 
tpRH 


Clock 2 high 
Clock low 
Period 
Preset/Reset pulse 


CK - 
CK + 
CK + 
(LB) + 


CK + 
CK - 
CK + 
(l,B) - 


C L = 30pF 


25 
30 
70 
40 


20 
20 
50 
30 




ns 


Setup time 
















t|S1 
*IS2 
t|S3 


Input 

Input (through F n ) 
Input (through 
Complement Array) 4 


CK + 
CK + 

CK + 


(l,B) ± 
F ± 

(I.B) ± 


C L = 30pF 


40 
20 

65 


30 
10 

40 




ns 


Hold time 


t|H1 
t|H2 


Input 


CK + 
CK + 


(LB) ± 

F + 


Cl = 30pF 




15 


-10 
10 




ns 


Propagation delays 


tCKO 


Clock 


F ± 


CK + 


C L = 30pF 




25 


30 


ns 


*OE1 


Output enable 


F - 


OE - 


C L = 30pF 




20 


30 


*OD1 


Output disable 3 


F + 


OE + 


C L = 5pF 




20 


30 


tpD 


Output 


B + 


(I.B) ± 


C L = 30pF 




40 


50 


tOE2 


Output enable 


B ± 


(I.B) + 


C L = 30pF 




35 


55 


t<DD2 ! Output disable 13 


B + 


(I.B) - 


C L = 5pF 




30 


35 


tpRo Preset/ Reset 


F ± 


(l,B) + 


C L = 30pF j 


50 


55 



NOTES: 

1. All typical values are at V C c = 5V, T A = +25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 10ns. 

3. Measured at V T = V l + 0.5V. 

4. When using the Complement Array T CKP = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term 

6. For test circuits; waveforms and timing diagrams see the following pages. 
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TEST LOAD CIRCUIT 



B W 



T 



-*■ b y 



■*■ B Z 



FN 
51 



1 



R2 S _ C(_ 



1 



~ (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 



VOLTAGE WAVEFORM 




WF05460S 

MEASUREMENTS'. 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



TIMING DIAGRAMS 



TIMING DEFINITIONS 



B 



(INPUTS) 



LK 



X 



i V" f 



(OUTPUTS) 



I. B W 

(INPUTS) TT 1 5V 



(OUTPUTS) 



I. B 
(OUTPUT ENABLE) 



l CKH »p ' CKL" 

'CKP 



1.5V 
"•'CKO*- 



£ 



*OD1 



\ h 



Flip-Flop Outputs 



Gate Outputs 



ov 

V H 

vol 

' +3V 




tCKH 
tCKL 
*CKP 
tpRH 
t|S1 



t|S2 



*IH1 



*IH2 



tCKO 



l OE1 



tOD1 



tpD 
{ OE2 



^002 



tpRO 



Width of input clock pulse. 
Interval between clock pulses. 
Clock period. 

Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

Required delay between positive 
transition of clock and end of valid 
input data. 

Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Propagation delay between combi- 
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
Delay between predefined Output 
Enable Low, and when combina- 
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 



November 19, 1986 



4-32 



Signetics Application Specific Products • Series 20 



Product specification 



Field-Programmable Logic Sequencer (16 x 45 x 12) 



PLS155 



TIMING DIAGRAMS (Continued) 



I.B 
(INPUTS) 



J\ 



•PRESET RESET 



f 



(I. B INPUTS) 



f r \ 



■*■ * IS1 



■*CK0 *> 



_____________ ov 



X (PRESET) Y™ — — — — — — 
(RESET) f \_ m _ 



(OUTPUTS) 



X 



(RESET) 
(PRESET) 



OV 
+ 3V 
OV 
+ 3V 



,. V H 

J(t- 1,5V 

^ V 0L 



The leading edge of preset/reset must occur only when the input clock is "low", and must remain "high" as long 
as required to override clock. The falling edge of preset/reset can never go "low" when the input clock is "high". 

Asynchronous Preset/Reset 



(LOAD SELECT) /{ 



J 



(INPUTS) 



\ 



[*— 'oei ' 



.____ ____./i 



* (FORCED D| N ) * 



- ' IS2 ■ 



H 



i — \ ' r 

'-»-«CKH-»| ' j ' 



■+3V V H 

■ov vol 

H3V 




Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic 

Logic Programming equipment. directly from the State 

...... . . xi. » m^ /•>.-, i-~ Program Tables on the 

With Logic programming, the AND/OR-EX- a 

OR input connections necessary to imple- 
"AND" ARRAY -(I), (B), (Q p ) 



function are coded In these tables, the logic state or action of all 
Diagram using the I/O, control, and state variables is assigned a 
following pages. symbol which results in the proper fusing 

pattern of corresponding links, defined as 

follows: 



1,8,00- 



*c: 



6 



(T, F C , L, P, R, D) n 



STATE 


CODE 


INACTIVE 1,2 






- — 1£ 



<? 



(T, F C , L, P, R, D) n 



CODE 




(T, F C , L, P, R, 0)„ 



STATE 


CODE 


I, B,Q 


L 



I, B, Q O- 



* 



I, B,Q 
T,B,Q 







(T, F C , L, P, R, D)„ 



STATE 


CODE 


OONT CARE 


- 



"COMPLEMENT" ARRAY -(C) 



I °^"" 







L -a 



<T n > F C > 



ACTION 


CODE 


INACTIVE 1 ' 3 ' 5 






r— > 



L -<^ 







<V FC> 



ACTION 


CODE 


GENERATE 5 


A 



I— >■ 



a c 







<J 



<Tn. F C > 



ACTION 


CODE 


PROPAGATE 


• 



r-H> 







<j 



(T n . FC> 



ACTION 


CODE 


TRANSPARENT 


- 



'OR" ARRAY -(MODE) 



I °^" 







(D n .L n .P„.R„) 



ACTION 


CODE 


PROPAGATE 


• 



r— >■ 







(D n , L„, P n , R n ) 



ACTION 


CODE 


TRANSPARENT 


- 



£> 



€> 



J/K OR D 
(CONTROLLED) 



FC 




ACTION 


CODE 


J-K 


• 



Notes on following page. 
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■OR" ARRAY - (Q n = D-Type) 






£>^-k 



T n STATUS 


CODE 


ACTIVE (Set) 


A 



£> 



M = ENABLED] 



£> 



T n STATUS 


CODE 


INACTIVE (Reset) 


• 



"OR" ARRAY - (Q n = J-K Type) 






O 



o i - — l^-j- 

1 M »= DIS ABLED^ 



f— O^-h 




ACTION 


CODE 


HOLD 


- 



"OR" ARRAY -(S or B), (P), (R) 



"EX-OR" ARRAY -(B) 



_T""N___ p .". s 

L-S (OR B) 



T n STATUS 


CODE 


ACTIVE 


A 



r~ \ p,r,s 

!_«• (ORB) 



T„ STATUS 


CODE 


INACTIVE 


• 




■OE" ARRAY -(E) 



■D— > 



_L 



ACTION 


CODE 


IDLE 4 






QH> 



r 



D— i> 



r 



J ACTION 


CODE 


[ CONTROL 


A 



1 ACTION 


CODE 


J ENABLE 4 


* 



□— >■ 



r 



ACTION 


CODE 


DISABLE 


- 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Fc, L, P, R, D) n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fc- 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of "OR" array links. 



November 19, 1986 



4-35 



Signetics Application Specific Products • Series 20 



Product Specification 



Field-Programmable Logic Sequencer (16 X 45 x 12) 



PLS155 



FPLS PROGRAM TABLE 



INACTIVE < 


1. 6. ' H 


I » . 5 ' L 


DON'T CARE - 




INACTIVE ' 


GENERATE ' A 


PROPAGATE 1 • 


transparent'- 



-I 



CONTROL 



P. R. 8 (0). I 
10 = 0) ' 



O ^ CC LU 



Q- X 

CO X 
I x 

LL 
O 



Q 
LU 

> 

a lu 

LU O 

O a 

t- UJ 

CO K 

3 < 

O Q 



LU ffi 

< £E 

Z O 

DC hi 

LU CO 



CO 

t- 
CE 

« 2 * 

in U- « 

LU ^n 

q U LU 

Si 3 2 

8 = s 

y z < 

•" i oc 

lu d n 

z £ 5 

2 5 § 

CO t- Q. 



La 



B(l) 



7 6 5 4 3 2 10 



5 4 3 2 19 18 13 12i 9 S 7 6 



<XP) 



NOTES 

1 . The FPLS is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin 
links exists in the table, shown BLANK for clarity. 

2. Program unused C, I, B, and Q bits in the ANO array as 
(— ). Program unused Q, B, P, and R bits in the OR 
array as (— ) or (A), as applicable. 

3. Unused Terms can be left blank. 

4. Q (P) and Q (N) are respectively the present and next 
states of flip-flops O. 



polarity 



CXN) 



B(0) 



7 6 5 4,3210 



November 19, 1986 



4-36 



Signetics 



Application Specific Products 
9 Series 20 

DESCRIPTION 

The PLS157 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "fold-back" in- 
verting buffer and control gate Fq. It 
features 6 registered I/O outputs (F) in 
conjunction with 6 bidirectional I/O lines 
(B). These yield variable I/O gate and 
register configurations via control gates 
(D, L) ranging from 16 inputs to 12 
outputs. 

The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional I/O lines (B), 
internal flip-flop outputs_(Q), and Com- 
plement Array output (C). The Comple- 

fT«Q r *+ Arrow nrvneio+c rtf o MOD note* 

optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 



FUNCTION DIAGRAM 



PLS157 

Field-Programmable Logic 
Sequencer (16 X 45 X 12) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 6 bidirectional I/O lines 

• 6 bidirectional registers 

• J-K, T, or D-type flip-flops 

• Tri-state outputs 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Clock frequency: 15MH2 (max.) 

• Input loading: -100/oA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 



(LOGIC TERMS) 



(CONTROL TERMS) 
P R L L D 



□ Cf 



□ — E 



r>- 



KJ- 



00 



000 



3H 



33-1 



3h 






t> 



D- 



(n) 
K <] 



33 






£> 






00 



-*> 



t^r-n 



33 



PIN CONFIGURATIONS 





N Package 






CKfT 




i3 v CC 


■oE 




33 * 


HE 




3Fs 


i 2 rr 




n]F 4 


'3 LI 




DPS 


B rr 




js)F 2 


Bill 




]3F1 


B 2 (T 




n]Fo 


BsH 




p3B 4 


GNOQo 




3361 


N = Plastic 




CO03370S 


A Package 


1, l CK V cc B 5 




m ra m m m 






* 




'a [7 




18]F S 


h\± 




iz] F « 


Bo[T 




J6JF 3 


Bi[7 




jf]F 8 


B 2 [¥ 




14] F, 




Uj |l0| [llj |l2| |l3J 




B 3 GND OE B 4 F 


CD03380S 


A = Plastic Leaded Chip Carrier 




MrruiuM i ivjtvo 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops. The Asynchronous Preset and 
Reset lines (P, R), for two of the registers are 
driven from the AND matrix. The Preset and 
Reset lines (P, R) controlling the lower four 
registers are driven from the OR matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 

The PLS157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are contained on the pages 
following. 



VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 



LOGIC FUNCTION 



Q3 Q2 


01 00 






hl'l 


ll.l 


( S ' 


) PRESENT STATE 

"a»"b« c • . . . 


/ 

STATE REGISTER 




\ 


(s„ 

"•Q 


A NEXT STATE 

• 6^) •a>"b» c . . . 


|. |. 


•hi 


SETQ„: J 


' (0 3 . Q 


K 


= 






RESET 0,- 


J,=0 
K,= (0 3 . 


°2* 


0, • 5j) •'A'¥« c . . . 


HOLD Q 2 : 


J 2 = 
K 2 = 






TOGGLE Q 


3 : J 3 = (°3 


<V 


Q, • Q ) •'A •¥• c . . . 




K3=<°3 


' Oj 


• o, • 6j •a"«"b • c . . 

TB00901S 



NOTES: 

Similar logic functions are applicable for D and T 
mode flip-flops. 



FLIP-FLOP TRUTH TABLE 




OE 


LCKPR J K 


Q 


F 


H 






Hi-Z 


L 

L 


X X H L X X 
X X L H X X 


H 

L 


L 
H 


L 
L 
L 
L 


L T L L L L 
L T L L L H 
L T L L H L 
L T L L H H 


Q 
L 

H 
Q 


Q 
H 
L 
Q 


H 

H 


H T L L L H 
H t L L H L 


L 
H 


H* 

L* 


+ 10V 


X t X X L H 
X t X X H L 


L 
H 


H** 

L** 



NOTES: 

1. Positive Logic: 

J/K ^Tq + T, +T 2 T 31 

T n = C. (I .li.l 2 ...).(Q .Qi...) .(Bo.B,....) 

2. Tdenotes transition from Low to High level. 

3. X = Don't care 

4. * = Forced at F n pin for loading J/K flip-flop in I/O 
mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

5. At P = R = H, Q = H. The final state of Q depends 
on which is released first. 

6. * * = Forced at F n pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 



(CONTROL TERMS)- 



NOTES: 

1. All OR gate inputs With a blown link noat to logic "0". 

2. All other gates and control inputs with a blown link float to logic 

3. a denotes WIRE-OR. 



<*{i]JoI 




< Q]ck 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS157N 


20-pin Plastic Leaded Chip Carrier 


PLS157A 



ABSOLUTE 


MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


bllT 


Output currents 




+ 100 


mA 


TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS 0°C<T A < + 75°C, 4.75 < V cc < 5.25V 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
V|L 
V|C 


High 
Low 
Clamp 


Vcc = Max 

Vcc = Min 

Vcc = Min, l|N = -12mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 
Low 


Vcc = Min 
l H = -2mA 
l O L=10mA 


2.4 


0.35 


0.5 


V 


Input current 


llH 
IlL 


High 
Low 


Vin = 5.5V 
V| N = 0.45V 




<1 
-10 


80 
-100 


ma 


Output current 


b (OFF) 

bs 


Hi-Z state 8 
Short circuit 4 


Vcc = Max 
Vqut - 5.5V 
Vout = 0.45V 

VoOT-OV 


-15 


1 
-1 


80 
-140 
-70 


J"A 
"mA" 


be 


Vcc supply current 7 


V C c = Max 




150 


190 


mA 


Capacitance 


C|N 
CoUT 


Input 
Output 


Vcc = 5.0V 
V| N = 2.0V 
Vqut = 2.0V 




8 
15 




PF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V cc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V| H applied to OE. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS o°C<T A <+75°C, 4.75 < V cc < 5.25V, R 1 =470ft, 


R 2 = 1k£2 






SYMBOL 


PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 5 


Typ 1 


Max 


Pulse width 


tCKH 
tCKL 
*CKP 
tpRH 


Clock 2 high 

Clock low 

Period 

Preset/ Reset pulse 


CK - 

CK + 
CK + 
O.B) + 


CK + 
CK - 
CK + 
(LB) - 


C L = 30pF 


25 
30 
70 
40 


20 
20 
50 
30 




ns 


Setup time 


l IS1 
t|S2 
l IS3 


Input 

Input (through F n ) 
Input (through 
Complement Array) 4 


CK + 
CK + 

CK + 


(l,B) ± 
F ± 

(LB) ± 


C L = 30pF 


40 
20 

65 


30 
10 

40 




ns 


Hold time 


t| H i I Input 

l IH2 I 


CK + 
CK + 


(l,B) ± 
F± 


C L = 30pF 



15 


-10 
10 




ns 


Propagation delays 


4 CKO 


Clock 


F + 


CK + 


C L = 30pF 




25 


30 


ns 


k)E1 


Output enable 


F - 


Of - 


C L = 30pF 




20 


30 


*OD1 


Output disable 3 


F + 


OE + 


C L = 5pF 




20 


30 


tpo 


Output 


B ± 


(l,B) ± 


C L = 30pF 




40 


50 


tOE2 


Output enable 


B ± 


(I.B) + 


C L = 30pF 




35 


55 


*OD2 


Output disable 3 


B + 


(I.B) - 


C L = 5pF 




30 


35 


tpRO 


Preset/ Reset 


F ± 


(LB) + 


C L = 30pF 




50 


55 



NOTES: 

1 . All typical values are at V C c = 5V, T A = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) <10ns. 

3. Measured at V T = V l + 0.5V. 

4. When using the Complement Array Tckp = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

6. For test circuits, waveforms and timing diagrams see the following pages. 
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TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



vcc 




1 

~r 
1 



_ ■=" (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 

TC0162OS 



TIMING DIAGRAMS 



I. B 



(INPUTS) 



LX 



(OUTPUTS) 




1.5V • 



l OE1 

Flip-Flop Outputs 



I. B 
(INPUTS) 



I 



I. B 
(OUTPUT ENABLE) 



J 




Gate Outputs 



Jv 



+3.0V — — — 




— ».|5nc -« t r t 

+3.0V — » y— 

ov — ^ f \ 

— M5ns4 fc-pn«-^ 

WF05460S 

MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



TIMING DEFINITIONS 

tc KH Width of input clock pulse. 

Interval between clock pulses. 
Clock period. 

Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

Required delay between positive 
transition of clock and end of valid 
input data. 

Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Propagation delay between combi- 
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
Delay between predefined Output 
Enable Low, and when combina- 
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 



tCKL 

tcKP 

tpRH 
*IS1 



t|S2 



t|H1 



t|H2 



tCKO 



t0E1 



tQD1 



tpD 



*OE2 



tOD2 



tpRO 
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TIMING DIAGRAMS (Continued) 



i.e 

(INPUTS) 



I 



J~~\ 



•PRESET RESET 



y 



(I. B INPUTS) 



• ' PRM 



PL 



._-____-_—_ — — ov 



X 



(PRESET) V~ 

(RESET) # * w 



4== 



\f (RESET) M/" — — — - 
-*-1.5V ■*- 1.5V 
A ( PRE SET) A- 



VOH 

vot 



The leading edge of preset/reset must occur only when the input clock is "low", and must remain "high" as long 
as required to override clock. The falling edge of preset/reset can never go "low" when the input clock is "high". 

Asynchronous Preset/Reset 



(LOAD SELECT) 11 



J 



(INPUTS) 



JL 



I 



-_ — --_ — /i 



3 



(FORCED Din) ■»- 1-5V 



*-*IS2- 



■+3V VOH 

■ov v L 



^-—'CKH-*-' ' OV 




Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded In these tables, the logic state or action of all 
Logic Programming equipment. directly from the State Diagram using the I/O, control, and state variables is assigned a 

Program Tables on the following pages. symbol which results in the proper fusing 

pattern of corresponding links defined as 

follows: 



With Logic programming, the AND/OR-EX- 
OR input connections necessary to imple- 



"AND" ARRAY -(I), (B), (Q p ) 



I, B, Q O- 



*z 



i » — I, B, Q 



I, B, Q 







(T, F c , L, P, R, D) n 



STATE 


CODE 


INACTIVE 1,2 






tf 



I, B, Q 
T,B,Q 



<? 



(T, 


"X 


I 


P, R, D)„ 


STATE 




I 


CODE I 


I, B, 




I 


H J 



, B,QO- 



**• — .►— r,i,Q 



6 



(T, F C , L, P, R, D) n 



STATE 


CODE 


U B , Q 


L 



, lB .QO fc£ 



I, B,Q 
T,B,Q 







(T, F C , L, P, R, D) n 



STATE 


CODE 


DON'T CARE 


- 



'COMPLEMENT" ARRAY -(C) 



rH>- 



Ld 







(T n .Fc) 



ACTION 


CODE 


INACTIVE 1,3,5 










L-CF 



<T n . F C> 



ACTION 


CODE 


GENERATE 5 


A 



!—«>■ 



i< C 







•—a 



(T n . FC) 



ACTION 


CODE 


PROPAGATE 


• 



I — °c>~ 







■o- 



(Tn- F c) 



ACTION 


CODE 


TRANSPARENT 


- 



T-O- 







<3r< 

(D n , L n , P n , R n ) 



ACTION 


CODE 


PROPAGATE 


• 



Notes on following page. 



'OR" ARRAY-(MODE) 



r-H>- 







<3-< 



(D n , I,, P n , R n ) 



ACTION 


CODE 


TRANSPARENT 


- 




ACTION 


CODE 


J/K OR D 
(CONTROLLED) 


A 



FC 



■o 




ACTION 


CODE 


J-K 


• 
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'OR" ARRAY - (Q n = D-Type) 



<— O-rJ 



m<= enabled; 



£> 



£> 



M = ENABLED 



* 



T n STATUS 


CODE 


ACTIVE (Set) 


A 



-£>^ 



T n STATUS 


CODE 


INACTIVE (Reset) 


• 



'OR" ARRAY - (Q n = J-K Type) 



M- DISABLED 




ACTION 


CODE I 


j TOGGLE 


i 



lM = DISABLED 




E> 



IM = DIS ABLED^ 




ACTION 


CODE 


HOLD 


- 



'OR" ARRAY -(S or B), (P), (R) 



-P> P ' R - S 

l f (ORB 



| T n STATUS 


CODE 


I ACTIVE 


A 



r— v p, r,s 

~2_X (ORB) 



T n STATUS 


CODE 


INACTIVE 


• 



"EX-OR" ARRAY -(B) 




















° -+J[>-» 






* -JD-- 




I POLARITY 


CODE 






POLARITY 


CODE 




I LOW 


L 


HIGH 


H 


LS02230S 






LS022.0S 





'OE" ARRAY -(E) 



D-H> 



r 






r 



ACTION 


CODE I 


CONTROL 


A j 



a— > 



± 



D— >- 



± 



ACTION 


CODE 


DISABLE 


- 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Frj, L, P, R, D) n will be unconditionally inhibited if both of the I, 3, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fc- 

4. E n = O and E n = ■ are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of "OR" array links. 
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FPLS PROGRAM TABLE 



TRANSPARENT 



ACTIVE 


U 


INACTIVE 


!• 




TOGGLE 





SET 


>H 


RESET 1 I 


MOLD 


1 

1 . 



{controlled} I * 



The FPLS is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin 
links exists in the table, shown BLANK for clarity. 
Program unused C, I, B, and Q bits in the AND array as 
(— ). Program unused O, B, P, and R bits in the OR 
array as (— ) or (A), as applicable. 
Unused Terms can be left blank. 
Q (P) and Q (N) are respectively the present and next 
states of flip-flops Q. 



CO X 
I * 



2 


n 


< 

z 


8 


cr 


ui 


UJ 


m 


^ 


< 

X 


h- 


C) 


co 


rr 


3 

o 


£ 



*** 

> ffi m 

Oil 

H , DC 



p B 



"B 



B{l) 



4 3 2 10 12 B 6 7 6 18 17 



Q(P) 



Q(N) 




«0) 
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DESCRIPTION 

The PLS159 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "fold-back" in- 
verting buffer and control gate Fq. It 
features 8 registered I/O outputs (F) in 
conjunction with 4 bidirectional I/O lines 
(B). These yield variable I/O gate and 
register configurations via control gates 
(D, L) ranging from 16 inputs to 12 
outputs. 

The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional I/O lines (B), 
internal flip-flop outputs_(Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 



FUNCTIONAL DIAGRAM 



(LOGIC TERMS) 



PLS159 

Field-Programmable Logic 
Sequencer (16 X 45 X 12) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectional I/O lines 

• 8 bidirectional registers 

• J/K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Clock frequency: 15MHz (max.) 

• Input loading: -100juA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• Tri-state outputs 



PIN CONFIGURATIONS 







N Package 




CKfT 




EVcc 


"OH 




3F7 


hd 




3F, 


"aE 




3FS 


I3E 




H] F 4 


Bo LI 




!]F3 


Bid 




p2 


B 2 [T 




3HF, 


B3LT 




j«]F0 


GNDQo 




jnioE. 






CD03350S 


N = Plastic 


A Package 


1, l CK V cc F7 




m m m i5oi ii5i 










1, [7 


. 


«] F6 


'3 E 




Tj] FS 


BoH 




i|] F4 


B1 [J 




ii] F3 


B 2 fJ 




m] F2 




Uj bpj L11] y y 




B 3 GND OE F0 F1 


CD03360S 


A= Plastic Leaded Chip Carrier 




(CONTROL TERMS) 
P R L D 



•□ CE 

"D 1£ 



H h 



33 1 



H>- 



<1 



p-pp 



PPPP 



c^po — i i i >- 



£> 



T 31 T F C 



J O 

(n) 



d E 



-&r-a* 



K <— j CK 



APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controiiers/synchronizers 

• Priority encoder/registers 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops, as well as asynchronous 
Preset and Reset lines (P, R). 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 

The PLS1 59 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are contained on the pages 
following. 



LOGIC FUNCTION 



Q3 02 01 QO 


fs R J PRESENT STATE 


|l|.|.|.| 


/ 
STATE REGISTER 


s 


/S„.I) NEXT STATE 


1 o 1 | | 1 ] 


SET O : J„ = (Q 3 • 


K„ = 




RESET Q,: J, = 

K,= <0 3 « 


67* Q, • 6^) •'a '"b- c . . . 


HOLDQ.,: J 2 = 




K 2 = 




TOGGLE Q 3 : J 3 = <0 3 


Oj'-o, 'oi) •■?•¥• c ... 


K3 = (0 3 


• o7»0i • <v •a-"b» c ... 




TB00901S 



NOTE: 

Similar logic functions are applicable for D and T 
mode flip-flops. 



VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 



5. 



FLIP-FLOP TRUTH TABLE 




61 


L CK P R J K 


Q 


F 


H 






Hi-Z 


L 


X X L X X X 


L 


H 


L 

L 


X X H L X X 
X X L H X X 


H 

L 


L 
H 


L 
L 
L 

L 


L T L L L L 
L T L L L H 
L T L L H L 
L t L L H H 


Q 
L 
H 
Q 


Q 
H 
L 
Q 


H 
H 


H T L L L H 
H T L L H L 


L 

H 


H* 


+ 10V 


X T X X L H 
X t X X H L 


L 
H 


H** 
L** 



NOTES: 

1. Positive Logic: 

J/K = 10 + ^ +T 2 T 31 

T n = C. (lo-IHa ...).(Q .Qi...) .(B .B,....) 

2. T denotes transition from Low to High level. 

3. X=. Don't care 

4. * = Forced at F n pin for loading J/K flip-flop in I/O 
mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

5. At P = R = H, Q = H. The final state of Q depends 
on which is released first. 

6. * * = Forced at F n pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 



-(LOGIC TERMS -T)- 









rr 




'ftffiffi P999J^9 9 Wwfo '? ill ill 1 i I i 

-- ■Hi-Tt m- h f — li-H i t 'i i y c 9000000000 



S» 



n 



it 



m 

mi 



-rtr-t 



HUM 



H-n 



tt-r- 



w 



-(CONTROL TERMS) - 

I 



if 



I«K1S 



m 



m 



M-W 



: ' i ) i' ' i ' ! 



-+-H 



JJfJIHjIJ 



4l 



J-U 



$& 



izl 



r=r>- 



■^xylPD- 



^*> 



P^TT 



^A ? P~° 



t 



■vir 



*£ 



-D im, * Qj j q 



-E>«>7 



*o 



3 



33 



J Q 



4- 



^5- 



-Oht 



£ 



e=^ 



J 
K 



I 1 ! ! .!.!, ,1 i . I I l ■ 

15 B 7 F c 



ft 



m 



-t-D $ ©t-iS 



=*3 



NOTES: 

1. All OR gate inputs with a blown link float to logic "0", 

2. All other gates and control inputs with a blown iinK float to logic "1 ,: 

3. e denotes WIRE-OR. 

4. # %$ismp»*§^<S0Hrt8o6op. 



HH33 



5e 



0.6 



-H3s 3 



-Sb, 






Mo-JTtI c. 



-^tGIK 



f^-rEH^ 



{EK 



r^ — pQU Fi 



rHK 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS159N 


20-pin Plastic Leaded Chip Carrier 


PLS159A 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


VrjC 


V|N 


Input voltage 




+ 5.5 


V D C 


V OUT 


Output voltage 




+ 5.5 


Vdc 


!|N 


Input currents 


-30 


+ 30 


mA 


•out 


Output currents 




+ 100 


mA 


Ta 

T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS o°C<T A < + 75°C, 4.75 < V cc < 5.25V 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


VlL 

Vic 


High 
Low 
Clamp 


Vcc = Max 

Vcc = Min 

Vcc = Min, Iin = -12mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 
Low 


Vcc = Min 
Ioh = -2mA 
I l= 10mA 


2.4 


0.35 


0.5 


V 


Input current 8 


l|H 
IlL 


High 
Low 


V C c = Max 
V| N = 5.5V 
V, N = 0.45V 




<1 
-10 


80 
-100 


UA 


Output current 


'O (OFF) 
!0S 


Hi-Z state 8 
Short circuit 4 


Vcc = Max 
V 0U T = 5.5V 
Vqut- 045V 

VOUT = 0V 


-15 


1 
-1 


80 
-140 
-70 


MA 
mA 


'CC 


Vcc supply current 7 


V C c = Max 




150 


190 


mA 


Capacitance 


C|N 
CoUT 


Input 
Output 


Vcc = 5.0V 
V| N = 2.0V 
Vqut = 2.0V 




8 
15 




pF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V cc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V| H applied to OE. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS 0°C<T A < + 75 o C, 4.75 < V cc < 5.25V, R 1 =470f2, R 2 = ikO 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 5 


Typ 1 


Max 


Pulse width 


tCKH 
tCKL 
tcKP 
tpRH 


Clock 2 high 
Clock low 
Period 
Preset/Reset pulse 


CK - 
CK + 
CK + 
d.B) + 


CK + 
CK - 
CK + 
(I.B) - 


C L = 30pF 


25 
30 
70 
40 


20 
20 
50 
30 




ns 


Setup time 


t|S1 
t|S2 
t|S3 


Input 

Input (through F n ) 
Input (through 
Complement Array) 4 


CK + 
CK + 

CK + 


(I.B) ± 
F ± 

(l,B) ± 


C L = 30pF 


40 
20 

65 


30 
10 

40 




ns 


Hold time 


t|Hi I Input 

t|H2 | 


CK + 
CK + 


(I.B) ± 
F ± 


C L = 30pF 


u 
15 


-10 
10 


ns 


Propagation delays 


tCKO 


Clock 


F ± 


CK + 


C L = 30pF 




25 


30 


ns 


tOE1 


Output enable 


F - | 


OE - 


C L = 30pF 




20 


30 


tODI 


Output disable 3 


F + 


OE + 


C L = 5pF 




20 


35 


tpn 


Output 


B± 


(I.B) ± 


C L = 30pF 




40 


50 


*OE2 


Output enable 


B ± 


(I.B) + 


C L = 30pF 




35 


55 


*OD2 


Output disable 3 


B + 


(I.B) - 


C L = 5pF 




30 


35 


tpRO 


Preset/Reset 


F± 


(I.B) + 


C L = 30pF 


| 50 


55 



NOTES: 

1 . All typical values are at Vcc = 5V, T A = + 25°C. 

2. To prevents spurious clocking, clock rise time (10% - 90%) < 10ns. 

3. Measured at V T = Vol + 0.5V. 

4. When using the Complement Array Tqkp = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term 

6. For test circuits, waveforms and timing diagrams see the foNowi.oa oaoes. 
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TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



vcc 



B W 



BX 
CK 



T 



■♦ B Y 






-0 5E 




~ (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 



TIMING DIAGRAMS 



I. B 



(INPUTS) 



DC 



X 



/ V'-" f 



1 CKH -\" — ' CKL" 

»CKP 



(OUTPUTS) 



1.5V 
■"'CKO*- 



\ 



rfoETi 



~R 



*OD1 



£ 



Flip-Flop Outputs 



J 



I. B 
(INPUTS) -jt 1 5V 



(OUTPUTS) 



I. B 
(OUTPUT ENABLE) 



Gate Outputs 



ov 

VOH 

•vol 

■ +3V 




+3.0V —— -j 



•J- V 90% 



-V- -J- 90% 

it - i- 



MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period. 

Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

Required delay between positive 
transition of clock and end of valid 
input data. 

Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Propagation delay between combi- 
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
Delay between predefined Output 
Enable Low, and when combina- 
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 



tCKL 
tCKP 
tpRH 
t|S1 



t|S2 



t|H1 



t|H2 



tcKO 



*OE1 



tOD1 



tpo 



tQE2 



toD2 



tpRO 
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TIMING DIAGRAMS (Continued) 



I.B 
(INPUTS) 



J~\ 



•PRESET RESET 



f 



(I, B INPUTS) 



/"""Y- 



•*■ 'lS1 



— ov 

+3V 

— ■ OV 



'CKO *• 



.______-_—_ — — OV 



X 



(PRESET) Vf" ' 

(RESET) / w , 



(OUTPUTS) 



X 



(RESET) 



(PRESET) />»_..__ 



+ 3V 



,.___- VOH 



VOL 

WF05491S 



The leading edge of preset/reset must occur only when the input clock is "iow", and must remain "high" 
as required to override clock. The failing edge of preset/reset can never go "low" when the input clock is 

Asynchronous Preset/Reset 



~M 



(LOAD SELECT) A 

'J 



(INPUTS) 



v: 



s 



-- — - _____./! 



v T * (forced Din) 



■ * OD1 ■ 



-'lS2- 



- - l.i 



A 



'*-«CKH-^- 



L 



■+3V V H 
■OV VOL 

■+3V 



Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded In these tables, the logic state or action of all 
Logic Programming equipment. directly from the State Diagram using the I/O, control, and state variables is assigned a 

Program Tables on the following pages. symbol which results in the proper fusing 

pattern of corresponding links defined as 

follows: 



With Logic programming, the AND/OR-EX- 
OR input connections necessary to imple- 



"AND" ARRAY -(I), (B), (Q p ) 



^c: 



♦ — I, B, Q 
I.B.Q 



9 



(T, F C , L 


P, R, D) n 


I STATE 


CODE 


I INACTIVE 1 ' 2 






I, B, Q O- 



* 



t — '• B, Q 

T,I,3 



9 



(T, F C , L, P, R, D) n 



STATE 


CODE 


I, 8,0 


H 



*C. 



■ I, B, Q 

-ill, 5 



rj 



(T, F C , L, P, R, D) n 



STATE 


CODE 


Tb,q 


L 



'• — £ 



I, B,Q 
T,B,Q 







(T, F C , L, P, R, D) n 



STATE 


CODE 


DON'T CARE 


- 



'COMPLEMENT" ARRAY -(C) 



I °£- 







<J 



<T n . F C ) 



ACTION 


CODE 


INACTIVE 1,3 ' 5 






rH> 



>— a- 







(T n . PC) 



ACTION 


CODE 


GENERATE 5 


A 



r— 0- 







•—a- 



(T n , F C ) 



ACTION 


CODE 


PROPAGATE 


• 



I — °t>" 







^<t 



(T n . P C ) 



ACTION 


CODE 


TRANSPARENT 


- 



i — °c>- 







-a- 

(D n ,L„,P n ,R n ) 



ACTION 


CODE 


PROPAGATE 


• 



Notes on following page. 



'OR" ARRAY -(MODE) 







<D n , L„, P n , R n ) 



ACTION 


CODE 


TRANSPARENT 


- 



FC 




J/K OR D 
(CONTROLLED) 



FC 




ACTION 


CODE 


JK 


• 
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'OR" ARRAY - (Q n = D-Type) 



-oh 



M « ENABLED 



£> 



T„ STATUS 


CODE 


ACTIVE (Set) 


A 



-o 



h = enabled; 



£> 



{ T n STATUS 


CODE 


| INACTIVE (Reset) 


* 



"OR" ARRAY - (Q n = J-K Type) 



f-O 



M » DIS ABLEDr ? 



Ms disabled: 



€> 



ACTION 


CODE | 


j SET 


H 



±> 



^ 



+-L>^ 



ACTION 


CODE J 


| RESET 


>- I 




'OR" ARRAY -(S or B), (P), (R) 



EX-OR" ARRAY -(B) 



<, n> PRS 

Z / (OR B) 



T n STATUS 


CODE 


ACTIVE 


A 



Jj v P,R,S 

~L^S (ORB) 



T„ STATUS 


CODE 


INACTIVE 


• 




OE" ARRAY -(E) 



*□— > — ■> 



± 



I ACTION 


CODE 


| IDLE 4 






D— i> 



± 



D—>- 



r 



ACTION 


CODE 


ENABLE 4 


• 



□— >■ 



ACTION 


CODE 


DISABLE 





NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND 

2. Any gate (T, Fc, L, P, R, D) n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fq. 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of "OR" array links. 



November 19, 1986 



4-55 



Signetics Application Specific Products • Series 20 



Product Specification 



Field-Programmable Logic Sequencer (16 x 45 x 12) 



PLS159 



FPLS PROGRAM TABLE 



_ 


AND 






T" 
-t- 


OR 






1 

-t" 










CONTROL 










4 


NOTES 

1 The FPLS is 


shipped 


with all links 


ntact.Thus 


a back- 




INACTIVE | O 




ACTIVE < A 






ground of entries corresponding 10 states of virgin 


P, R. 8 (0). | 


,K >. 


1. B, ' H 


I.B(I). | 


INACTIVE J • 


(0 = 0) 1 




FIF MODE 




| links exists in the table, shown BLANK for clarity 
1 2 Program unused C. I. B. and Q bits in the AND array as 
' (— ). Program unused Q. B. P. and P. bits m the OR 
4 B | array as ( — ) or (A), as applicable 
I 3. Unused Terms can be left Diana 




'KorD |. 
controlled) 


IDLE 1 


1. B. | L 


0(P| . 




| 


CONTROL 1 A 


OON'TCARE ]- 


| 






ENABLE 1 • 


INACTIVE | 




TOGGLE 1 1 


1 r- 






DISABLE | - 


GENERATE [ A 




SET j H 




-^41 


cPOL.I 






I states of flip-flops 


PROPAGATE J * 




RESET ' L 
1 


10-J/K) 






F/F MODE 


EB J E A 


POtaniTv 






transparent' - 




HOLD - 
1 


1 


I I I ! I I I 


1 

1 


! I I 


co 
o 

1- 

LU 

z 
o 

CO 

>- 

CD 

a 

lu 

i- 

LU 

_l 

a. 

5 

o 
o 

UJ 
CO 

O 

t- 

cr 






! T 


AND 


(OR) 








E 
R 
M 


C 


1 


B(l) 


Q(P) 


0(N) 


B(0) 


3 


2 


i 





3 


2 


1 





7 


6 


5 


4 


3 


2 


i 





7 


6 


5 


4 


3 


2 


1 
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CUSTOMER NAME 
PURCHASE ORDEF 
SIGNETICS DEVICE 
TOTAL NUMBER 
PROGRAM TABLE 


te 






































pa 






























i 






Ra 










































la 






































D3 








































02 




































1 




1 1 


D1 




































i 






DO | 


































| 






















PIN | 5 


4 


3 


2 


9 


8 


7 


6 


19 


18 


17 


16 


15 


14 


13 | 12 ) 
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DESCRIPTION 

The PLS1 59A is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "fold-back" in- 
verting buffer and control gate Fq. It 
features 8 registered I/O outputs (F) in 
conjunction with 4 bidirectional I/O lines 
(B). These yield variable I/O gate and 
register configurations via control gates 
(D, L) ranging from 16 inputs to 12 
outputs. 

The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional I/O lines (B), 
internal flip-flop outputs (O), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 



PLS159A 

Field-Programmable Logic 
Sequencer (16 X 45 X 12) 

Signetics Programmable Logic 
Preliminary Specification 



FEATURES 

• High-speed version of PLS159 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectional I/O lines 

• 8 bidirectional registers 

• J/K, T, or D-type flip-flops 

• Power on reset feature on all 
flip-flops (F n = 1) 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Clock frequency: 18MHz (max.) 

• Input loading: -100juA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• Tri-state outputs 



PIN CONFIGURATIONS 



N Package 



CKfT 

'oE 

HE 
i 2 rr 

i 3 E 
BoE 
■iE 

82 E 
B3E 

GNDQo 



m]V cc 

a F 4 

]3F 2 
ZHF1 
JiJFo 

"lot 



A Package 

I, l„ CK V cc F7 

m in m m m 



i 2 \T 
13 U 

B,{7 
B 2 f£ 



l»J |SJ |SJ |S| lsl 

B 3 GND OE F0 F1 

A = Plastic Leaded Chip Carrier 



18] F6 
if] F5 
«] F4 
«] F3 
tt] F2 



B 



FUNCTIONAL DIAGRAM 



(LOGIC TERMS) 



■□ t£ 



"D — s: 



r^r^ 



k^- 



o-q- 



(CONTROL TERMS) 
P R L 



T31 T F C 






??? 

' 1 1 




(n) 
K <d— i CK 



& 



±<°' 



<? 



-a* 



#»!-□' 
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APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 
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PLS159A 



On-chip T/C buffers couple either True (I, B, 
Q) or Complement (f, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops, as well as asynchronous 
Preset and Reset lines (P, R). 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 

The PLS1 59A is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 



VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 



LOGIC FUNCTION 



03 02 


01 QO 






I - I - 


il.l 


( S 


j present state 
"a«"b»c-... 


/ 

STATE REGISTER 




\ 


(s„ 

2 ,Q 


A NEXT STATE 

• 6j «•¥ • c . . . 


| | 


• I'l 


SETQ : J 


0= (Q 3 'Q 


K 


= o 






RESET 0, 


J, = 
K,= <0 3 - 


°2* 


Q, • 5|j) >A •¥• c . . . 


HOLD0 2 : 


J 2 = 
K 2 = 






TOGGLE 


3 : ->3 = <03 


°2 


o, • a~ ) •a'-T" c . . . 




K3MQ3 


* °2 


• Q, • 5^1 •a"«'b" • c ... 

TS00901S 



NOTE: 

Similar logic functions are applicable for D and T 

mode flip-flops. 



FLIP-FLOP TRUTH TABLE 




OE 


L CK P R J K 


Q 


F 


H 






Hi-2 


L 


X X L X X X 


L 


H 


L 
L 


X X H L X X 
X X L H X X 


H 

L 


L 
H 


L 
L 
L 
L 


L t L L L L 
L T L L L H 
L T L L H L 
L t L L H H 


Q 
L 
H 
0" 


Q 
H 
L 
Q 


H 
H 


H t L L L H 
H T L L H L 


L 
H 


H* 
L* 


+ 10V 


X t X X L H 
X T X X H L 


L 
H 


H" 

L** 



NOTES: 

1. Positive Logic: 

J/K^To + T, +T 2 T 31 

T n = C. (Io.It.Is ...).(Q .Qi...) .(Bo.B,....) 

2. T denotes transition from Low to High level. 

3. X = Don't Care 

4. * = Forced at F n pin for loading J/K flip-flop in I/O 
mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

5. At P = R = H, Q = H. The final state of Q depends 
on which is released first. 

6. * * = Forced at F n pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 



-(LOGIC TERMS - T) - 



-(CONTROL TERMS) - 



•otlK 



I t i - I \ 



444-. 



B 2Hi 



1— U- 



-K+*+ 



mm 



■< — H-+ 



m 



M ! ' ■ m 



''iii'' 



-< — ri 



; f 1 : 



■4— +— H 
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T— ri 



& 



3=PP 



iz>- 



i l l 



D»- 



-K+ 



M.? ' ■ itii 



' M i l l — t i » . i i n — i-r 



3J-n 



^Xuu 



!l l l I , . !''' , 



ia#iwL 



ttopq o p p OCWOOP P PPPPPP9P pppppppp P 



s °ii 



So-| 



'•' 'I' M 



++ 
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Ml!! I M H L I 



-0>T3EPL> 



oooooooocp 

' P B i R Bi P A|«Ai'-B [i-A jD3J°a| D 1 p0 






-Os- 



"Dht 



-D- 



:^z 



-D- 



r l | l I I I 

i • ' i 



+T-H-! — H 



+4+ 



1-f 



'J/r 



Ok — r 



-OJT 



-L> 



^ 



OE 

-3 



P E o 



-j—Sb, 
-H]b 2 

-Qb, 

"UK 

rGIK 



*°- 



-EK 



43 f* 



-EV 



-*> 



J Q 1— 



tt^i 



"HI] M 



*^-rGll F o 



NOTES: 

1. All OR gate inputs with a blown link float to logic "0". 

2. All other gates and control inputs with a blown link float to logic "1" 

3. © denotes W1RE-OR. 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLS159AN 


20-pin Plastic Leaded Chip Carrier 


PLS159AA 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


'IN 


Input currents 


-30 


+ 30 


mA 


■out 


Output currents 




+ 100 


mA 


Ta 

T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS 0°C<T A <75°C, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
VlL 
V|C 


High 
Low 
Clamp 


V C c = Max 

Vcc = Min 

Vcc = Min, l|N = - 12mA 


2 


-0.8 


0.8 

-1.2 


V 


Output voltage 3 


V H 

Vol 


High 
Low 


Vcc = Min, l 0H = -2mA 
Iol= 10mA 


2.4 


0.35 


0.5 


V 


Input current 


l|H 
IlL 


High 
Low 


Vcc = Max, V| N = 5.5V 
V, N = 0.45V 


I <1 
J -10 


40 
-100 


M A 


Output current 


!o(OFF) 

los 


Hi-Z state 5 ' 8 
Short circuit 4 ' 6 


V cc = Max, Vqut = 5.5V 

V 0U T = 0.45V 

V UT = ov 


-15 


1 

-1 


80 
-140 
-70 


ma 

mA 


jcc 


V C c supply current 7 


V C c = Max 




150 


190 


mA 


Capacitance 


C|N 
CoUT 


Input 
Output 


V cc = 5.0V, V| N = 2.0V 
Vqut = 2.0V 




8 

15 




pF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V cc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vm applied to OE. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470£2, R 2 = 1k£2, NPLS179: 0°C<T A <+75 o C, 4.75V < V cc < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 5 


Typ 1 


Max 


Pulse width 


C L = 30pF 




tCKH 
tCKL 
tCKP 
tpRH 


Clock 2 high 

Clock low 

Period 

Preset/ Reset pulse 


CK- 
CK + 
CK + 
(I.B) + 


CK + 
CK- 
CK + 
0,B)- 


20 
20 
55 
35 


15 ) 
15 j 
45 
30 


ns 


Setup time 




t|S1 
t|S2 
t|S3 


Input 

Input (through F n ) 
Input (through 
Complement Array) 4 


CK + 
CK + 

CK + 


(l,B) ± 
F± 

(I.B) ± 


35 
15 

55 


30 
10 

45 




ns 


Hold time 




t|H1 
t|H2 


Input | CK + 
Input (through F n ) | CK + 


(I.B) ± 

F± 


| -5 | | 

15 | 10 j j ns 


Propagation delay 




tCKO 
tOE1 


Clock 
Output enable 


F± 
F- 


CK± 
OE- 




15 
20 


20 
30 


ns 


*OD1 


Output disable 3 


F + 


C5E + 


C L = 5pF 




20 


30 


tpo 

IOE2 


Output 
Output enable 


B± 

B + 


(I.B) ± 
C,B) + 


C L = 30pF 




25 
20 


35 
30 


tOD2 


Output disable 3 


B + 


(I.B)- 


C L = 5pF 




20 


30 


tpRO 
tpPR 


Preset/ Reset 
Power-on preset 


F + 
F- 


(l,B) + 
V C c + 


C L = 30pF 




35 



45 
10 



NOTES: 

1 . All typicai values are at Vcc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 10ns. 

3. Measured at V T = V l + 0.5V. 

4. When using the Complement Array Tckp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

TEST LOAD CIRCUIT 



VOLTAGE WAVEFOhM 



Bx 
CK 



T 



-^ By 






Ri 



■*■ fn 
-O 51 



* 2 : 



^ C L 



(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 



■*-3.0V — — — 



7 ^ 



■ t r tf — ■*. 5n« 




WF0S460S 

MEASUREMENT& 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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TIMING DIAGRAMS 



(INPUTS) 



D( 



X 



i Y" f 



'CKH —\* — 'CKL- 

*CKP 



(OUTPUTS) 



1.5V4 
-**CKO*- 



"\ 



~E 



'ODI 



£ 



I'OEI 1 

Flip-Flop Outputs 



vcc 



/ 



U 



U-'PPR* 




I. B 
(INPUTS) 



\ 



U-'CKO* 



X 



Y — * isi — - 



X 



-*IM- 



■ * IS1 ■ 



/ \=-JL 



-tCKH- 



- *CKL- 



OV 
VOH 

■v L 

• +3V 



KB "\ 

(INPUTS) ~j 












(,5V 














- l PO te 


B 
(OUTPUTS) 


■I 


h i 


r 






t 








\ 

(OUTPUT ENABLE) 1 


(-■sv ) 


(-"" 










Gate Outputs 






WF05481S 



v 0H 



vol 

~3V 



Power-On Reset 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period. 

Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

Required delay between positive 
transition of clock and end of valid 
input data. 

Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between Vcc (a fter power- 
on) and when flip-flop outputs be- 
come preset at "1" (internal Q 
outputs at "0"). 

Propagation delay between combi- 
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
Delay between predefined Output 
Enable Low and when combina- 
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 



tCKL 
tCKP 
tpRH 
t|S1 



t|S2 



t|H1 



t|H2 



tCKO 



k)E1 



tOD1 



tpPR 



tpo 
*OE2 



tOD2 



tpRO 



November 1986 



4-62 



Signetics Application Specific Products • Series 20 



Preliminary Specification 



Field-Programmable Logic Sequencer (16 X 45 x 12) 



PLS159A 



TIMING DIAGRAMS (Continued) 



LB 
(iNPO'TS) 



¥7 



JK 



-T~\ 



*^- T IS1* 



PRESET/ RESET 



f=~ ^ 



(I, B INPUTS) 




■*■ T(S1 



- TpRH 



1.5V 
> T CKO < 



\~ 



X (PRESET) V, / " 
(RESET^ ^_ 



■ TpRO ■ 



(OUTPUTS) 



\ f (RESET) \ I V0H 

-*- 1.5V - U 1.5V 

A (PRESET) A 

— — — — — — — — — — — — — — * I — — — — — uru 



OV 
+ 3V 
OV 
+3V 



VOL 

I7070S 



'Preset and Reset functions override Ciock. However, F outputs may glitch with the first positive Clock Edge if Tisi 
cannot be guaranteed by the user. 

Asynchronous Preset/Reset 



(LOAO SELECT) f\ 



J 



(INPUTS) 



Y 
A 



v 



i 

1 



(FORCED D| N ) 



A 



' IH2 *■ 



YZ 



i — \ r 



■+3V V H 

■ov vol 

"+3V 




Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded In these Tables, the logic state or action of all 

Logic Programming equipment. directly from the State Diagram using the I/O, control, and state variables is assigned a 

...... , . ... AK,^,^r, r-sx Program Tables on the following pages. symbol which results in the proper fusing 

With Logic programming, the AND/OR-EX- a a 3 ' ..,.,.,..-. 

«n ■ * »■ i pattern of corresponding links defined as 

OR input connections necessary to imple- . .. a 

"AND" ARRAY -(I), (B), (Qp) 



° — tC> 



I, B, Q 
T, B, Q 



6 



(T, F C , L, P, R, D) n 



STATE 


CODE 


INACTIVE 1,2 






* 



* — I, B, O 
T.B.Q 



9 



(T, F C , L, P, R, D) n 



STATE 


CODE 


I, B,Q 


H 






d 



(T, F C , L, P, R, D) n 



STATE 


CODE 


liB.Q 


L 



tf 



— I, B, Q 

— T,B,Q 



d 



(T, F C , L, P, R, D) n 



STATE 


CODE 


DON'T CARE 


- 



'COMPLEMENT" ARRAY -(C) 



r— 1>- 



<t 







(T n . F C ) 



ACTION 


CODE 


1,3 5 
INACTIVE 






rM> 



d 



■—a- 



(Tn. FC> 



ACTION 


CODE 


GENERATE 5 


A 



I — °t>- 







<J 



(T n . F C > 



ACTION 


CODE 


PROPAGATE 


• 




(Tn. F C > 



ACTION 


CODE 


TRANSPARENT 


- 



'OR" ARRAY — (MODE) 



!-->■ 



d 



(D n , L n , P n , R n ) 



ACT4QN 


CODE 


PROPAGATE 


• 



r-H> 



d 



<3- 

(D n , L„, P n , R n ) 



ACTION 


CODE 


TRANSPARENT 


- 



FC 



-o 



£> 



ACTION 


CODE 


J/K OR D 
(CONTROLLED) 


A 



FC 




ACTION 


CODE 


JK 


• 



Notes on following page. 
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"OR" ARRAY — (Q N = D -Type) 



O^: 



M» ENABLED) 



■£> 



T„ STATUS 


CODE 


ACTIVE (Set) 


A 



w 



M = ENABLED 



o^> 



T n STATUS 


CODE 


INACTIVE (Reset) 


• 



CAUTION: 

The PLS159A Programming Algorithm is different from the PLS159. 

"AND" ARRAY — (Q N = J - K Type) 





M^ 



€> 



M = DISABLEDX 



o- 




i— £>^H 



ACTION 


CODE 


RESET 


L 




ACTION 


CODE 


HOLD 


- 



"OR" ARRAY — (S or B),(P),(R) 



T n STATUS 


CODE 


ACTIVE 


A 



"OE " ARRAY — (E) 



T>- 



P, R,S 
(ORB) 



EX-OR" ARRAY — (B) 




d-h> 



r 



ACTION 


CODE 


IDLE 4 


o 



D— > 



r 



ACTION 


CODE 


CONTROL 


A 



D— >■ 



_r^' 



ACTION 


CODE 


ENABLE 4 


• 



D— > 



r 



ACTION 


CODE 


DISABLE 


- 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Fc, L, P, R, D)' n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates T n , Fc- 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of "OR" array links. 
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FPLS PROGRAM TABLE 
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NOTES 
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with all links 
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INACTIVE 1 




ACTIVE ' A | 








P. R. B (0). | 
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I links exists in the table, shown BLANK for clarity 
1 2 Program unused C. 1. B. and bits m the ANO array as 
' (_). Program unused Q, B. P. and R bits m the OR 
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CUSTOMER NAME 
PURCHASE ORDEF 
SIGNETICS DEVICE 
TOTAL NUMBER 
PROGRAM TABLE 
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DESCRIPTION 

The PLHS18P8A is a two-level logic 
element consisting of 72 AND gates and 
8 OR gates with fusible connections for 
programming I/O polarity and direction. 

All AND gates are linked to 10 inputs (I) 
and 8 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
8 direction control gates, ranging from 
18 inputs to 8 outputs. 

On-chip T/C buffers coupje either True 
(!, B) or Complement (I, B) input polari- 
ties to all AND gates. The 72 AND gates 
are separated into 8 groups of 9 each. 
Each group of 9 is associated with one 
bidirectional pin. In each group, eight of 
the AND terms are ORed together, while 
the ninth is used to establish I/O direc- 
tion. All outputs are individually program- 
mable via an EX-OR gate to allow imple- 
mentation of AND/OR or NAND/NOR 
!o n ic functions. 

In the virgin state, the AND array fuses 
are back-to-back CB-EB diode pairs 
which will act as open connections. 
Current is avalanched across individual 
diode pairs during fusing, which essen- 
tially short circuits the EB diode and 
provides the connection for the associ- 
ated product term. 

FUNCTIONAL DIAGRAM 



PLHS18P8A 

Programmable AND Array 
Logic (18 X 72 X 8) 

Signetics Programmable Logic 
Product Specification 



The PLHS18P8A is field-programmable, 
allowing the user to quickly generate 
custom pattern using standard program- 
ming equipment. 

Order codes are contained in the pages 
following. 

FEATURES 

• 100% functionally compatible 
with AmPAL18P8A 

• Field-Programmable 

• 10 Inputs 

• 8 bidirectional I/O lines 

• 72 AND gates/product terms 

- configured into eight groups of 
nine 

• Programmable output polarity 
(Tri-state output) 

• I/O propagation delay: 20ns 
(max.) 

• Power dissipation: 750mW 
(nominal) 

• TTL compatible 

• Verify Lock Fuse 

• On-chip test features for 
extensive AC and DC parametric 
testing 




PIN CONFIGURATIONS 





N Package 




k,n 
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hE 
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«.E 




13 Bs 
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2EB3 
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!«]b 2 
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jHJb, 
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J2JB„ 


GNofjO 

N = Plastic 




3'. 




CD05320S 
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ll '0 V CC B 7 




Isl 


7i m (»i [w] 




*zT~ 
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i3 B 6 


uH 






iz1b 5 


..E 






IHb4 


..E 






iUss 


l7 n 






14] B 2 




[9J [10J [11] (I2j (13J 




Is GND l 9 B Bi 




CD05330S 


A = Plastic Leaded 


Chip Carrier 




LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 
Pn = A-B-C -D- . . . 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = PO + P1 + P2 . . . 

AT O UTPUT POLARI TY = L 
Z = PO +_P1 + P2 + . . . 
Z = P0-P1-P2- . . . 

NOTES: 

1 . For each of the 8 outputs, either function Z (Active- 
High) or Z (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 



*PAL is a registered trademark of Monolithic Memories, Inc. 
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APPLICATIONS 

• 100% functional replacement for 
all 20-pin combinatorial PALs* 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

853-0683 86602 
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FPLA LOGIC DIAGRAM 




-HHL 



-EH£ 



EH£ 



EHC 



■•BUT 



B-C 



"EHC 



NOTES: 

1. All unprogrammed or virgin "AND" 



locations are pulled to logic "1". 
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> 
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iL^-pEl 83 



3f 
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Or-®* 
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(]_>-H^ Bo 
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-Q3'<> 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


20-pin Plastic DIP 300mil-wide 


PLHS18P8AN 


20-pin Plastic Leaded Chip Carrier 


PLHS18P8AA 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


MIN 


MAX 


Vcc 


Supply voltage 


-0.5 


+ 7 


Vdc 


V|N 


Input voltage 


-0.5 


+ 5.5 


Vdc 


VOUT 


Output voltage 


-0.5 


V C c Max 


Vdc 


VOUTPRG 


Output voltage 
(programming) 




+ 21 


Vdc 


Iin I Input current 


-30 | +5 


mA 


Iout Output current 


! +100 


mA 


I Output current 
louTPRG (programming) 


i 

j +170 


mA 


| Temperature range j j , 
T A | Operating temp j +75 ' °C 
Tstg j Storage temp j -65 j +150 j °C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 




Notes on following page. 
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DC ELECTRICAL CHARACTERISTICS o°c<T A <75°c, 4.75V <v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|L 
V| H 
V| 


Low 
High 
Clamp 


Vcc = Min 

V C c = Max 

Vcc = Min, l|N=-18mA 


+ 2.0 


-0.9 


+ 0.8 
-1.2 


V 


Output voltage 


Vol 
Voh 


Low 
High 


Vcc = Mia Vin = V IH or V|L 

l L = +24mA 

Ioh— 3.2 


+ 2.4 


+ 3.5 


+ 0.50 


V 


Input current 


IlL 
l|H 
l| 


Low 
High 
High 


V C c = Max 
V| N = + 0.40V 
V, N = +2.7V 
V| N = +5.5V 




-20 


-100 
+ 25 
+ 1.0 


MA 
J"A 
mA 


Output current 


l0ZH 
!0ZL 

'sc 


Output leakage 
Output leakage 
Short circuit 4 


V cc = Max, V||_ = 0.8V, V, H = 2.0V 
V OU T=+2.7V 
Vout=+ 0.40V 
V OU T=+0.5V 


-25 


-60 


+ 100 
-250 
-90 


HA 
MA 
mA 


!CC 


Vcc current 


V C c = Max, All inputs = GND 




100 


155 


mA 


Capacitance 5 


C|N 
CquT 


Input 
I/O 


V CC = +5V 
V| N = 2.0V @ f = 1MHz 
V OU T = 2-0V @ f=1MHz 




6 
9 




PF 
PF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Typical limits are at V C c = 5.0V and T A = + 25°C. 

3. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vout = n -5V has been chosen to avoid test 
problems caused by tester ground degradation. 

5. These parameters are not 100% tested, but are periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS ^=20012, R 2 = 39on, o°C<T A <+75°C > 4.75V < Vcc < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


tpD 


Propagation delay 


Input ± 


Output ± 


C L = 50pF 




14 


20 


ns 


tEA 


Output enable 


Input ± 


Output - 


C L = 50pF 




14 


20 


ns 


tER 


Output disable 


Input ± 


Output + 


C L = 5pF 




14 


20 


ns 



NOTES: 

1 . Typical limits are at Vcc = 5.0V and T A = + 25°C. 

2. Tpo is tested with switch St closed and C L = 50pF. 

3. For Tri-state output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S-i is open for high-impedance to High tests and closed for 
high-impedance to Low tests. Output disable times are tested with C|_ = 5pF. High-to-High impedance tests are made to an output voltage of 

Voh = -0.5V with Si open, and Low-to-High impedance tests are made to the Vol = + 0.5V level with St closed. 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links open, such that: 

1. All outputs are at "L" polarity. 

2. All outputs are enabled. 

3. All p-terms are enabled. 

TIMING DIAGRAM 



TIMING DEFINITIONS 

tpo Input to output propagation de- 
lay. 

tgR Input to output disable (Tri-state) 
delay (Output Disable). 

tEA Input to Output Enable delay 

(Output Enable). 



INPUTS, I/O 



X 




m-w. 



Vol 



WAVEFORM 


INPUTS 

MUST BE 
STEADY 


OUTPUTS 

WILL BE 
STEADY 


WAVEFORM 


INPUTS 

DON'T CARE; 
ANY CHANGE 
PERMITTED 

DOES NOT 
APPLY 


OUTPUTS 




m 


CHANGING; 

STATE 

UNKNOWN 




TO (TI 


CENTER 
UNE IS HIGH 




W 111 


IMPEDANCE 
•OFF" STATE 

WF07381 
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AC TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 




T 



NOTE: 

Ci and C2 are to bypass Vcc to GND. 



LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this Table the logic state of variables I, P, 
and B associated with each Sum Term, S, is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY -(B) 




"J 

rjfnsl*. 



» l 5ns l m ■ | 5ns ^*- 



MEASUREMENTS: 

All circuit delays are measured at the + 1 ,5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



p- 






) 


p — 






"^ — a 




£—^x_ 




_^ E 


*~^X — 






ACTIVE LEVEL 


CODE 




ACTIVE LEVEL 


CODE 




HIGH 


H 


LOW1 


L 




TC0253 


OS 
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I.BO- 



* 



9. 



< 



9. 



i STATE ! CODE 


( '■ B 1 H 



l,BO- 



~*^ . i — Ti 



9. 



STATE 


COOE 


i. I 


L 



l,BO- 



< 



9. 



NOTES: 

I.This is the initial state of all link pairs. 

2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p-term must be programmed). 
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PROGRAM TABLE 
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Application Specific Products 
• Series 24 

DESCRIPTION 

The PLS161 is a bipolar, Field-Program- 
mable Logic Array (FPLA). The device 
utilizes the standard AND/OR/lnvert ar- 
chitecture to directly implement custom 
sum of product logic equations. 

This device consists of 12 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con- 
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 12 inputs 
ANDed together comprise one P-term. 
All 48 P-terms are selectively ORed to 
each output. The user must then only 
select which P-terms will activate an 
output by disconnecting terms which do 
not affect the output. In addition each 
output can be fused as Active-High (H) 
or Active-Low (L). 

The PLS161 is fuiiy TTL compatible, and 
includes a chip enable input for output 
inhibit control and expansion of input 
variables. 

Order codes are contained on the pages 
following. 



PLS161 

Field-Programmable Logic 
Array (12 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr Link) 

• Input variables: 12 

• Output functions: 8 

• Product terms: 48 

• I/O propagation delay: 50ns (max.) 

• Power dissipation: 600mW (typ.) 

• Input loading: -100mA (max.) 

• Chip Enable input 

• Output disable function 

• Separate i/O architecture 

• Tri-state outputs 

APPLICATIONS 

• CRT display systems 

• Random logic 

• Code conversion 

• Peripheral controllers 

• Function generators 

• Look-up and decision tables 

• Microprogramming 

• Address mapping 

• Character generators 

• Sequential controllers 

• Data security encoders 

• Fault detectors 

• Frequency synthesizers 



PIN CONFIGURATION 
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TOP VIEW 
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LOGIC FUNCTION 



FUNCTIONAL DIAGRAM 
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TYPICAL CONNECTION 



TYPICAL CONNECTION 

2 




9Q--T-P 



0*J>-» 



£x^r>--. 



5 




TYPICAL PRODUCT TERM 

p o = 'o • h • h' h' hi 
TYPICAL OUTPUT FUNCTIONS: 

@ CE = 0: 

F = (Pg +_Pj' +P 2 ) @ L = CLOSED 

Fo = (Po«Pl'P2)@L = OPEN 

NOTE: 

For each of the 8 outputs either the function F n 
(Active-High) or F^ (Active-Low) is available, but not 
both. The desired output polarity is programmed via 
the EX-OR gates. 
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Field-Programmable Logic Array (12 X 48 X 8) 


PLS161 



FPLA LOGIC DIAGRAM 
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PLS161 



ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION | ORDER CODE 


24-pin Plastic DIP 300mil-wide 


PLS161N 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VoUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


'out 


Output currents 




+ 100 


mA 


T A 

TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS o°C < T A < 75°C, 4.75V < V cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
V|L 
V|C 


High 
Low 
Clamp 4 


V C c = Max 

Vcc = Min 

Vcc = Min, I|n = -12mA 


2 


-0.8 


0.8 

-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
Ioh = -2mA 
Iql = 9-6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 


High 
Low 


V'cc = Max 
V| N = 5.5V 
V| N = 0.45V 




<1 
-10 


40 
-100 


ma 


Output current 


'O(OFF) 

tos 


Hi-Z state 
Short circuit 4,7 


CE = High, V cc = Max 
Vout = 5.5V 
V 0U T - 0.45V 

CE = Low, V uT = 0V 


-15 


1 
-1 


40 
-40 
-70 


ma 

mA 


Ice 


Vcc supply current 8 


V C c = Max 




120 


170 


mA 


Capacitance 


C|N 
COUT 


Input 
Output 


CE = High, V C c = 5.0V 
Vin = 2V 
Vqut = 2V 




8 
17 




PF 




Notes on following page. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470S2, R 2 = 1kfZ, C L = 30pF, 0°C<T A <+75°C, 4.75V <V CC < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Propagation delay 


tpo 


Input 


Output 


Input 




35 


50 


ns 


tCE 


Chip enable 


Output 


Chip enable 




15 


30 


ns 


Disable time 


*CD 


Chip disable 


Output 


Chip enable 




15 


30 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. All values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one pin at a time. 

5. Measured with Vn_ applied to CE and a logic high stored. 

6. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to V C c. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 



LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this Table the logic state or action of 
variables I, P, and F, associated with each 
Sum Term S n , is assigned a symbol which 
results in the proper fusing pattern of corre- 
sponding link pairs, defined as follows: 

"AND" ARRAY -(I) 



EX-OR ARRAY 


"(F) 
































h-JL^- F 




- ~Jl^' 






ACTIVE LEVEL 


CODE 






ACTIVE LEVEL 


CODE 




LOW 


L 


HIGH 1 


H 










i«*« 





<c:; 







STATE 


CODE 


INACTIVE 1 ' 2 






■*£ 



Q 



STATE 


CODE 


1 


H 



H II— I 



Q 



STATE CODE 



< 



Q 



STATE 


CODE 


DON'T CARE 


- 



"OR" ARRAY -(F) 







P 


— s 

LS02010S 








P 


— s 

LS0202OS 








Ls 




L>> 






P n STATUS 


CODE 






P n STATUS 


CODE 




ACTIVE 


A 


INACTIVE 


• 















NOTES: 

1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 
AND gates P n . 

2. Any gate P n will be unconditionally inhibited if any one of its (I) link pairs is left intact. 
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DESCRIPTION 

The PLS161 is a bipolar, Field-Program- 
mable Logic Array (FPLA). The device 
utilizes the standard AND/OR/lnvert ar- 
chitecture to directly implement custom 
sum of product logic equations. 

This device consists of 12 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con- 
trolled by any or ail of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 1 2 inputs 
ANDed together comprise one P-term. 
All 48 P-terms are selectively ORed to 
each output. The user must then only 
select which P-terms will activate an 
output by disconnecting terms which do 
not affect the output. In addition each 
output can be fused as Active-High (H) 
or Active-Low (L). 

TU_ r>l O-IO-I ;- *.,ll., TTI nnmnatlkln on<-l 

nierLJiui io luiiy i i i_ vui m^EIIiuiS, an<j 

includes a chip enable input for output 
inhibit control and expansion of input 
variables. 

Order codes are contained on the pages 
following. 



PLS161 

Field-Programmable Logic 
Array (12 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr Link) 

• Input variables: 12 

• Output functions: 8 

• Product terms: 48 

• I/O propagation delay: 50ns (max.) 

• Power dissipation: 600mW (typ.) 

• Input loading: -100juA (max.) 

• Chip Enable input 

• Output disable function 

• Separate I/O architecture 

• Tri-state outputs 

APPLICATIONS 

• CRT display systems 

• Random logic 

• Code conversion 

• Peripheral controllers 

• Function generators 

• Look-up and decision tables 

• Microprogramming 

• Address mapping 

• Character generators 

• Sequential controllers 

• Data security encoders 

• Fault detectors 

• Frequency synthesizers 
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N = Plastic 
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LOGIC FUNCTION 



FUNCTIONAL DIAGRAM 
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h Ch- 



ili D- 




TYPICAL CONNECTION 



TYPICAL CONNECTION 



o^r>-'- 



£>^; 



TYPICAL PRODUCT TERM 

P = Io • h • I2 • U • hi 
TYPICAL OUTPUT FUNCTIONS: 

@ CE = 0: 

p o = (Po + Pi +£2) @ L = CLOSED 

Fo = (Po • Pi • P 2 ) @ L = OPEN 

NOTE: 

For each Oi the 8 outputs either the function F p 
(Active-High) or F p (Active-Low) is available, but not 
both. The desired output polarity is programmed via 
the EX-OR gates. 



£>^t^. 
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Field-Programmable Logic Array (12 x 48 x 8) 



PLS161 



FPLA LOGIC DIAGRAM 
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PLS161 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



iO 


vcc 

OUT 
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SCOPE AND JIG 
CAPACITANCE) 



TIMING DIAGRAMS 



3K: 



fo-f 7 




fi 



■ ! CD— »j 
1.5V -£ 



y__ 



ov 

+3.0V 

OV 

VOH 

Vol 



Read Cycle 



+3.0V 




»!&* 




5nJ«i 




WF05390S 

MEASUREMENTS: 

A!! circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



TIMING DEFINITIONS 

tcE Delay between beginning of Chip 

Enable Low (with Input valid) and 
when Data Output becomes valid. 

tco Delay between when Chip Enable 

becomes High and Data Output is 
in off state (Hi-Z or High). 

tpo Delay between beginning of valid 

Input (with Chip Enabie Low) and 
when Data Output becomes valid. 

VIRGIN STATE 

The PLS161 virgin device is factory shipped 
in an unprogrammed state, with all fuses 
intact, such that: 

1. All P n terms are disabled. (Inactive). 

2. All P n terms are active on all outputs. 

3. All outputs are Active-High. 
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FPLA PROGRAM TABLE 
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DESCRIPTION 

The PLS162 is a bipolar, Field-Program- 
mable Address Decoder. The device 
consists of five AND/NAND gates which 
share 16 common inputs. The type of 
gate is selected by programming the 
output as Active-High (H) or Active-Low 
(L). Each of the 16 inputs lo - hs can be 
programmed to provide the True (H), 
Complement (L), or Don't Care ( — ) 
state to each of the five AND/NAND 
gates. OR/NOR logic functions can also 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 

The device is field programmable, which 
means that custom patterns are immedi- 
ately available. 

The PLS162 includes chip-enable con- 
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica- 
tion in bus-organized systems. 

Order codes are contained on the fol- 
lowing pages. 

FUNCTIONAL DIAGRAM 



PLS162 

Field-Programmable Address 
Decoder (16 X 5) 



Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 16 input variables 

• 5 output functions 

• Chip Enable input 

• I/O propagation delay: 30ns 
(max.) 

• Power dissipation: 500mW (typ.) 

• Input loading: -100/oA (max.) 

• Tri-state outputs 

• Output disable function: Hi-Z 

• Fully TTL compatible 

APPLICATIONS 

• Random logic 

• Address decoders 

• Code detectors 

• Peripheral selectors 

• Fault monitors 

• Machine state decoders 



PIN CONFIGURATION 





N Package* 




*E 


W 


HJvcc 


led 




IK 


led 




Mh 


U[T 




ID i-io 


h{T 




M '" 


l2[T 




H]ll2 


HE 




H]ll3 


io{T 




HJih 


F4[T 




«]h5 


FaQo 




]!]ci 


F2QT 




H]fo 


gndQI 




13] F, 






CD03340S 


*N - Plastic 




LOGIC FUNCTION 




TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 



ACTIVE-LOW 



X = AB-C^. . . 
X = A + B + C+ . . . 

NOTES: 

1 . For each of the 5 outputs, either function X (Active- 
High) or X (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and output pins (F). 
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Field-Programmable Address Decoder (16 x 5) 



PLS162 



FPAD LOGIC DIAGRAM 



H — C 



tf 



*LH — fc 
•>EI— £ 



"El — £ 
*LH — £ 
^H— ^ 
■>EI — K: 
*H — tc 
■•El — £ 
'«El — £; 
ln El — t£ 
■«El — £ 
l,s E3 — l£ 
,14 EI — £ 



,,s El — 1£ 



-(LOGIC GATES— G)- 



X 



P v P 

4 3 2 10 

~J, U li ii" u 



E> 




NOTE: 

1. All gate inputs with a blown link float to a logic "1" 
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PLS162 



ORDERING INFORMATION 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
SOOrnil-Vvide 


PLS162N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 


PARAMETER 


RATING 


UNIT 


Vcc 


Supply voltage 


+ 7 


Vdc 


V|N 


Input voltage 


+ 5.5 


Vdc 


v 


Output voltage 
Off-state 


+ 5.5 


Vdc 


l|N 


Input current 


±30 


mA 


'OUT 


Output current 


+ 100 


mA 


TSTG 


Temperature range 
Operating 
Storage 


to +75 
-65 to +150 


°C 



DC ELECTRICAL CHARACTERISTICS 0°C<T A <+75°C, 4.75 < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 1 


V|H 
V|L 
V|C 


High 
Low 
Clamp 3 


V C c = Max 

V C c = Min 

Vcc = Min, Iin = - 1 2mA 


2.0 


-0.8 


0.8 

-1.2 


V 


Output voltage 1 


VOH 

Vol 


High 5 
Low 4 


V C c = Min 
l H = -2mA 
Iql = 1 5mA 


2.4 


0.35 


0.5 


V 


Input current 


l|H 
IlL 


High 
Low 


v'cc = Max 
V| N = 5.5V 
V| N = 0.45V 




<1 
-10 


40 
-100 


HA 


Output current 


to (OFF) 

tos 


Hi-Z state 6 
Short circuit 3,7 


V C c = Max 
Vout = 5.5V 
Vqut = 0.45V 

Vout = 0V 


-15 


1 
-1 


40 
-40 
-70 


juA 
mA 


toe 


Vcc supply current 8 


Vcc = Max 




100 


155 


mA 


Capacitance 


C|N 
CoUT 


Input 
Output 6 


V CC = 5.0V 
V| N = 2.0V 
Vqut = 2.0V 




8 

15 




pF 



B 
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AC ELECTRICAL CHARACTERISTICS o°C<T A <+75°C, 4.75 < v cc < 5.25V, R 1 =470J2, R 2 = ikft 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Mln 


Typ 1 


Max 


tpD 


Propagation delay 


Output 


Input 


C L = 30pF 




20 


30 


ns 


tCE 


Chip enable 


Output 


Chip enable 


C L = 30pF 




20 


30 


ns 


tCD 


Chip disable 


Output 


Chip enable 


C L = 5pF 




20 


30 


ns 



NOTES: 

1. All voltage values are with respect to network ground terminal. 

2. All typical values are at Vcc - 5V, T A = + 25°C. 

3. Test each pin one at a time. 

4. Measure with a programmed logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to 
Vcc- 

5. Measured with Vil applied to C~E and logic high at the output. 

6. Measured with Vih applied to CE. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with the outputs open. 
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Field-Programmable Address Decoder (16 x 5) 



PLS162 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



•is 

CE GNO 



T 



i 



■=r (includes 

SCOPE AND JIG 

CAPACITANCE) 

TC01660S 



MPUt\m.5V 



£ 



All inputs: t r = t t = 5ns (10% to 90%) 



LOGIC PROGRAMMING 

!n a virgin device a!! .Ni-Cr links are intact. 
The FPAD can be programmed by means of 
Logic Programming equipment. 

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from the logic equations using the 
Program Table on the following page. 

In this table, the logic state of variables I and 
F associated with each gate G n is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 

"AND" ARRAY -(I) 



OUTPUT POLARITY -(F) 



3E^' 



ACTIVE LEVEL 


CODE 


HIGH 


H 



+!>-' 




ACTIVE LEVEL 






STATE 


CODE 


INACTIVE 1,2 






tcz: 



<2 



STATE 


CODE 


I 


H 



ic:; 



<2 



STATE 


CODE 


I 


L 




STATE 


CODE 


DON'T CARE 


— 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate G n will be unconditionally inhibited if both the true and complement of any input (either I or B) are left intact. 



VIRGIN DEVICE 

The PLS162 is shipped in an unprogrammed 
state, characterized by: 

1. All P n terms are disabled. (Inactive). 

2. All P n terms are active on all outputs. 

3. All outputs are Active-Low. 
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PLS162 



FPAD PROGRAM TABLE 



CUSTOMER NAME 



PURCHASE ORDER * 
SIGNETICS DEVICE tt 



TOTAL NUMBER OF PARTS 
PROGRAM TABLE » 



THIS PORTION TO BE COMPLETED BY SIGNETICS 

CF (XXXX) 

CUSTOMER SYMBOLIZED PART * 

DATE RECEIVED 

COMMENTS 



F (H) 
F,(13) 
F 2 (11) 
F 3 (10) 
F< (9) 



GATE 


INPUT 


POLARITY 


',5 


',« 


',3 


',2 


'„ 


',0 


>9 


'a 


>7 


'6 


•s 


l 4 


'a 


' 2 


I 


'o 


F o 




































F 




































F 2 




































F 3 




































F 4 




































PIN 
NO. 


16 


17 


18 


19 


20 


21 


22 


23 


1 


2 


3 


4 


5 


6 


7 


8 


VARIABLE 
NAME 


































NOTES 

1. The FPAD is shipped with all links intact. Thus a background of entries 

corresponding to states ol virgin links exists in the table, shown BLANK 

lor clarity. 
2 Unused 1 bits are normally programmed Don't Care ( — ). 


PROGRAM TABLE ENTRIES 


AND 




[ CONTROL 












INACTIVE 











I ' H 




HIGH ■ H 




I 


■ L 


LOW - L 


Don't Care 


• - 


'- 
























(i) 
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PLS163 

Field-Programmable Address 
Decoder (12 x 9) 



Application Specific Products 
© Series 24 

DESCRIPTION 

The PLS163 is a bipolar, Field-Program- 
mable Address Decoder. The device 
consists of nine AND/NAND gates 
which share 12 common inputs. The 
type of gate is selected by programming 
the output as Active-High (H) or Active- 
Low (L). Each of the 12 inputs l - In 
can be programmed to provide the True 
(H), Complement (L), or Don't Care ( — ) 
state to each of the nine AND/NAND 
gates. OR/NOR logic functions can aiso 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 

The device is field programmable, which 
means that custom patterns are immedi- 
ately available. 

The PLS163 includes chip-enable con- 
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica- 
tion in bus-organized systems. 

Order codes are contained on the fol- 
lowing pages. 

FUNCTIONAL DIAGRAM 



Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 12 input variables 

• 9 output functions 

• Chip Enable input 

• I/O propagation delay: 30ns 
(max.) 

• Power dissipation: 600mW (typ.) 

• Input ioading: -100juA (max.) 

• Tri-state outputs 

• Output disable function: Hi-Z 

• Fully TTL compatible 

APPLICATIONS 

• Random logic 

• Address decoders 

• Code detectors 

• Peripheral selectors 

• Fault monitors 

• Machine state decoders 



PIN CONFIC 


JURATION 




is LI 


N Package* 




<J 


MJVcc 


urr 




HJl« 


IjE 




up? 


i 2 fT 




m is 


ii rr 




ID '9 


k>[T 




51] 'io 


FsjT 




lUhi 


F 7 |T 




33 CE 


F 6 (T 




Ufo 


F5Q0 




IJFi 


F«QT 




TjjFj 


GND fj? 




SJF| 


TOP VIEW 






COO3330S 


°N =» Piastic 






LOGIC FUNCTION 





) 


r 


D 


•on — td 




^ 


'C 










'id — tO 








i 








»° — D^ 









W 



Typical Connection 



r^M 




Fusible Ni-Cr links are initially intact at all array cross-points. 



TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 



ACTIVE-LOW 



X = A-B-C^. . . 
X = A + B + C+ . . . 

NOTES: 

1 . For each of the 9 outputs, either function X (Active- 
High) or X (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and output pins (F). 
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Field-Programmable Address Decoder (12 X 9) 



PLS163 



FPAD LOGIC DIAGRAM 



"B — BEZ 

-H — ted 



-t£~ 



"H — i?: 



*e 



^r 



"H — keh 



(LOGIC GATES-G)- 



□ — t> ! | [ 
*B — id 




T"1 



p 6 g p p 6 6 c 

8 I 7 6 I 5 4 3 2 1 



± 



H> 




NOTES: 

1 All gale inpuls with a blown link float lo a logic "1". 
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Field-Programmable Address Decoder (12 x 9) 



PLS163 



ORDERING INFORMATION 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300rru!-wide 


PLS163N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 


PARAMETER 


RATING 


UNIT 


Vcc 


Supply voltage 


+ 7 


Vdc 


V|N 


Input voltage 


+ 5.5 


Vdc 


Vo 


Output voltage 
Off-state 


+ 5.5 


Vdc 


'in 


Input current 


±30 


mA 


Iout 


Output current 


+ 100 


mA 


T STG 


Temperature range 
Operating 
Storage 


to +75 
-65 to +150 


°C 



DC ELECTRICAL CHARACTERISTICS o°C < T A < + 75°c, 4.75 < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


input voltage 


Vih High 1 
V| L Low 1 
Vic j Clamp 1 ' 3 


V C c = Max 

Vcc = Min 

Vcc = Min, !|N = -12mA 


2.0 


-0.8 


0.8 
-1.2 


V 


Output voltage 


VOH 

Vol 


High 1 ' 5 
Low 1 ' 4 


Vcc = Min 
Ioh = -2mA 
Iql= 15mA 


2.4 


0.35 


0.5 


V 


Input current 


llH 
IlL 


High 
Low 


Vcc = Ma x 
V| N = 5.5V 
V| N = 0.45V 




<1 
-10 


40 
-100 


MA 


Output current 


b (OFF) 

bs 


Hi-Z state 6 
Short circuit 3 ' 7 


Vcc = Max 
V uT = 5.5V 
Vout = 0.45V 

V 0U T = ov 


-15 , 


1 

-1 


40 
-40 
-70 


ma 

mA 


be 


Vcc supply current 8 


Vcc = Max 




120 


155 


mA 


Capacitance 


C IN 
C OUT 


Input 
Output 6 


Vcc = 5.0V 
V| N = 2.0V 
Vqut - 2.0V 




8 

15 




PF 
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PLS163 



AC ELECTRICAL CHARACTERISTICS o°c < T A < + 75°C, 4.75 < v cc < 5.25V, R 1 = 47on, R 2 =ikfi 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


tpo 


Propagation delay 


Output 


Input 


C L = 30pF 




20 


30 


ns 


tCE 


Chip enable 


Output 


Chip enable 


C L = 30pF 




20 


30 


ns 


tCD 


Chip disable 


Output 


Chip enable 


C L = 5pF 




20 


30 


ns 



NOTES: 

1. All voltage values are with respect to network ground terminal. 

2. All typical values are at Vcc = 5V . t a = + 25°C. 

3. Test each pin one at a time. 

4. Measure with a programmed logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to Vcc- 

5. Measured with Vil applied to CE and logic high at the output. 

6. Measured with Vih applied to CE. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with the outputs open. 
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PLS163 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



CE GND 

~~ r 



R2 J d= C L 



_ — {INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 



M)f 



\ 



£ 



^ 



All inputs: tr = t f = 5ns (10% to 90°/ 



LOGIC PROGRAMMING 

!n a virgin device a!! Ni-Cr links are intact. 
The FPAD can be programmed by means of 
Logic Programming equipment. 

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from the logic equations using the 
Program Table on the following page. 

In this table, the logic state of variables I and 
F associated with each gate G n is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY -(I) 



OUTPUT POLARITY -(F) 



1C^' 



ACTIVE LEVEL 


COOE 


HIGH 


H 



+$>-< 




ACTIVE LEVEL 


COOE 


LOW 1 


L 



* 



Q 



STATE 


CODE 


INACTIVE 1 ' 2 






a 



Q 



STATE 


CODE 


I 


H 



<c:; 



<2 



STATE 


CODE 


I 


L 



tf 



q 



STATE 


CODE 


DON'T CARE 


— 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate G n will be unconditionally inhibited if both the true and complement fuses of any input (I) are left intact. 



VIRGIN DEVICE 

The PLS163 is shipped in an unprogrammed 
state, characterized by: 

1. All P n terms are disabled. (Inactive). 

2. All P n terms are active on all outputs. 

3. All outputs are Active-Low. 
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PLS163 



FPAD PROGRAM TABLE 



CUSTOMFR NAMF 


THIS PORTION TO BE COMPLETED BY SIGNETICS 
OF (YXXX) 


PURCHASE ORDFRtt 


SIGNFTICS DFVIC.F # 
TOTAL NIIMRFR OF PARTS 


CUSTOMER SYMBOLIZED PART n 
DATF RFr.FIVFD 


PROGRAM TAR1 F u 


r.nuih/iFNTS 



F (16). 

F, (15) . 

F 2 (14). 

F 3 (13) 

F 4 (1D 

F 5 (10) 

F 6 <9) 

F 7 (8) 

F 8 (7) . 



GATE 


INPUT 




POLARITY 


1" 1 l.o [ 19 ! la 


l 7 


le 


u 


U 


13 J 1, i 1, 


lo 


Fo 




1 














! i 




F, 


















i s 




F, 




1 

| 














i i 




F3 
















1 






F 4 












| 










F 5 












I 


I 








1 


















' 






F, 


























F 8 
















i 










PIN 
NO. 


18 


19 


20 


21 


22 


23 


1 2 


3 4 


5 


6 


UJ 


























NOTES 

1. The FPAD is shipped with all links intact Thus a backgroun 
corresponding to states of virgin links exists in the table, she 
lor clarity. 

2. Unused 1 bits are normally programmed Don t Care ( — ) 

3. Unused Gates can be left blank. 


3 of entries 
jvn BLANK 


PROGRAM TABLE ENTRIES 






AND 


1 CONTROL 




INACTIVE 


i 




1 ' H 


i 
i 


HIGH H ] 


1 • L 


LOW ■ L | 






Don't Care ■ — 


' 








(1) 


i 
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DESCRIPTION 

The PLS1 67 is a bipolar, programmable 
state machine of the Mealy type. The 
Field Programmable Logic Sequencer 
(FPLS) contains logic AND-OR gate ar- 
rays with user programmable connec- 
tions which control the inputs of on-chip 
State and Output Registers. These con- 
sist respectively of 8 Q p , and 4 Qf edge- 
triggered, clocked S/R flip-flops, with an 
asynchronous preset option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND Array combines 14 external 
inputs, I -13, with 8 internal inputs, P -7, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, P and P^ of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 6 bits, if 

All transition terms can include True, 
False, or Don't Care states of the con- 
trolling variables, and are merged in the 
OR Array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to Output- 

FUNCTIONAL DIAGRAM 



PLS167 

Field-Programmable Logic 
Seguencer (14 x 48 x 6) 

Signetics Programmable Logic 
Product Specification 



Enable function, as an additional user 
programmable option. 

Order codes are contained on the pages 
following. 

FEATURES 

• Field-Programmable (Ni-Cr link) 

• 14 True/Complement buffered 
inputs 

• 48 programmable AND gates 

• 25 programmable OR gates 

• 8-bit State Register 

• 2-bit shared State/Output 
Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to iogic "1" of 
all registers 

• Automatic logic "HOLD" state 
via S/R flip-flops 

• On-chip Test Array 

• f MAX : 13.9MHz 

• Power: 600mW (typ.) 

• TTL compatible 

• Tri-state outputs 

• Single +5V supply 

• 300mil-wide 24-pin DIP 




PIN CONFIGURATIONS 



N Package 


ck[7 




H]vcc 


k\T 




Ml '7 


isE 




Mb 


(4 E 




ID'S 


h\T 




ID '10 


I2LT 




Jl] In 


n 1 \i_ 




H]ll2 


•oE 




IE '13 


Fo|T 




iUpr/oe 


Fifio 




HI Pi 


F2QT 




14] P 


GND[l2 




1UF3 


N = Plastic 




cnweis 


A Package 




NC Fo lo h b b n/c 

n r h m m m m 




Fl[« 


\ 


T]u 


Fsd 




l]^ 


gno[m 




T]b 


Fs[« 




TJck 


Pofjs 




a]vcc 


Plfjf 




27] 17 


PfWEQi 




M]b 




Isl h y y |»| y y 

NIC h3 h2 I11 Ho b N/C 




CD04471S 

A = Plastic Leaded Chip Carrier 




APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Security locking systems 
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Field-Programmable Logic Sequencer (14 x 48 x 6) 



PLS167 



PIN DESCRIPTION 






PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 


CK 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 


Active-High 


2-7 


h - 13 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 


Active-High/Low 


17-23 




between machine states, as determined by a given logic sequence. 




8 


lo 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When l is held at +10V, device outputs F _3 and 
P0-1 reflect the contents of State Register bits P2_7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops P _i and F _3 remain unaltered. 


Active-High/ Low 


9-11 


Fo-3 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 


Active-High 


13 




Output Register bits Q0-3, when enabled. When lo is held at +10V, F _3 = (P2_5). 




14-15 


Po-i 


Logic/Diagnostic Outputs: Two register bits with shared function as least significant 
State Register bits, or most significant Output Register bits. When lo is held at +10V, 


Active-High 


16 


PR/OE 


Po-i-(Pe-7)- 




Preset or Output Enable Input: A user programmable function: 






• Preset: Provides an asynchronous preset to logic "1" of all State and Output Register 


Active-High (H) 






bits. Preset overrides Clock, and when held High, clocking is inhibited and Po _ 1 and 








F _3 are High. Normal clocking resumes with the first full clock pulse following a High- 








to-Low clock transition, after Preset goes Low. 


Active-Low (L) 


• Output Enable: Provides an Output Enable function to all output buffers. 



LOGIC FUNCTION 



TRUTH TABLE 1 - 2 > 3 - «■ 5 - 6 



Typical State Transition: 



02 01 00 


^.^ 


l.hl. 


(s R J PRESENT STI 


STATE REGISTER 


"a-T» C • . . 


\ 


Jf 


| | | 1 


P„-l) NEXT STATE 


SET Q„: S„ = (Q 2 • Q 


•"Q,,) .T."b- C . . . 


R = 




RESET 0,: S, = 

HlMOl* 


0, •cy.'A-T'C... 


HOLD Oy S s = 




R 2 = 





VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 



Vcc 


OPTION 


lo CK S R 


Qp/f 


F 


PR 


OE 




H ■ +iov 

| X X X X 


H 
Qn 
Qn 


H 
(Qp)n 
(Q F )n 


+ 5V 


■ 


I 


XXX 

+10V X X X 

X X X X 


Qn 
Qn 
Qn 


Hi-Z 
(Qp)n 
(Q F )n 


■ 


\ 


X T L L 
X t L H 
X T H L 
X T H H 


Qn 

L 

H 
IND. 


(Q F )n 

L 

H 
IND. 


T 


X 


X 


X X X X 


I^^^l 



Positive Logic: 
S/R = T + T-i + T 2 + ... + T 47 
Tn = C(lb'ti I2..O (Po Pi..:P7> 



Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmable option. 
T denotes transition from Low to High level. 
R = S = High is an illegal input condition. 
* = H/L/+10V 
X = Don't Care (<5.5V) 
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FPLS LOGIC DIAGRAM 



(LOGIC TERMS- T)- 



3k 



hi :-17HCLUi 



rTS. I I ! I ' I ' 'I 



m 



-H 1 . . . i * 



T-tm 



i_ 



i . I ■ t ■ ! i h 



I I I I ! I I 



t-r 



±± 



mm 



• ■ i M i 



i — n 



H — H 



;m ' l i i — i — H 



H-f 



£>■ 



+-! h-r-H- 



1 — rt-r- 



•ibil;-:;MEi 



EpppppppQ pppppppp ppppppop PppppppO ppppOPpp ppppppptjj 
C ■ . i . .. . . .. . ■ I I ... j ■ .. . t i I ■ ' I i .-r.rrir.1. 1 -1-— I- -T ■ » • i . . ■_ . I I I 1 ■ • ■ 1 ■ .i»: ij ;;» ' , i| . ' 




NOTES: 

1. All AND gate inputs with a blown link float to a logic "1". 

2. All OR gate inputs with a blown fuse float to logic "0". 



OPTION 

4-i 



a- 



4-fisj p, 

t{3 p ° 

i 

tH F > 
fH f * 
|S Fi 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


PLS167N 


28-pin Plastic Leaded 
Chip Carrier 


PLS167A 



ABSOLUTE MAXIMUM RATINGS 1 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



SYMBOL 


PARAMETER 


RATING 




Min 


Max 


UNIT 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


hN 


Input currents 


-30 


+ 30 


mA 


'OUT 


Output currents 




+ 100 


mA 


Ta 

TSTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


"C 
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DC ELECTRICAL CHARACTERISTICS 


0°C < T A < 75°C, 4.75V < V CC < 5.25V 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
V|L 
Vic 


High 
Low 
Clamp 4 


Vcc = Max 

Vcc = Min 

Vcc = Min, l| N = -12mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
Iqh = -2mA 
Iql = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 
IlL 


High 
Low 
Low (CK input) 


V| N = 5.5V 
V| N = 0.45V 
Vin = 0.45V 




<1 
-10 
-50 


25 
-100 
-250 


ma 


Output current 


'O(OFF) 

•os 


Hi-Z state 7 
Short circuit 4 ' 8 


V C c = Max 
Vout = 5.5V 
Vout = 0.45V 

Vout - 0V 


-15 


1 
-1 


40 
-40 
-70 


mA 


Ice ! Vcc supply current 9 


Vcc = Max 




120 


180 


mA 


Capacitance 7 


C|N 
CquT 


Input 
Output 


V CC = 5.0V 
V| N = 2.0V 
Vqut - 2.0V 




8 

10 


PF 

I 




NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V| L applied to OE and a logic high stored, or with V !H applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and Vjl applied to PR/OE Output sink current is supplied throu n h a 
resistor to Vcc- 

7. Measured with V| H applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. Ice is measured with the PR/5E input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470fi, R 2 =1kft, C L = 30pF, 0°C < T A < + 75°C, 4.75V <V CC < 5.25V 











LIMITS 




SYMBOL 


PARAMETER 


TO 


FROM 


Min 


Typ 1 


Max 


UNIT 


Pulse width 3 


l CKH 


Clock 2 high 


CK- 


CK + 


25 


15 






tCKL 


Clock low 


CK + 


CK- 


25 


15 






tCKPlB 


Period (without Complement Array) 


CK + 


CK + 


80 


40 






tCKP2B 


Period (with Complement Array) 


CK + 


CK + 


120 


60 






tpRH 


Preset pulse 


PR- 


PR + 


25 


15 






Setup time 3 


tiSiA 


Input 


CK + 


Input ± 


60 








tisiB 


Input 


CK + 


Input ± 


50 








tisiC 


Input 


CK + 


Input ± 


42 








t|S2A 


Input (through Complement Array) 


CK + 


Input ± 


90 






ns 


t|S2B 


Input (through Complement Array) 


CK + 


Input 


80 








t|S2C 


Input (through Complement Array) 


CK + 


Input 


72 








tvs 


Power-on preset 


CK- 


Vcc + 





-10 






tpRS 


Preset 


CK- 


PR- 





-10 






Hold time 


t|H 


Input 


Input ± 


CK + 


5 


-10 




ns 


Propagation delay 


tCKO 


Clock 


Output ± 


CK + 




15 


30 




tOE 


Output enable 


Output - 


OE- 




20 


30 




k)D 


Output disable 


Output + 


OE + 




20 


30 


ns 


tpR 


Preset 


Output + 


PR + 




18 


30 




tpPR 


Power-on preset 


Output + 


Vcc + 







10 




Frequency of operation 3 


fMAxC 


Without Complement Array 










13.9 


MHz 


WxC 


With Complement Array 










9.8 





NOTES: 

1 . All typical values are at V C c = 5V, T A - + 25°C. 

2. To prevent spurious clocking, clock rise time (10% 

3. See "Speed vs. OR Loading" diagrams. 



90%) < 30ns. 
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TIMING DIAGRAMS 



IX 



CLK 



XE 



/ — )c-J. 



•CKH •+" "CKL- 

'CKP 



U-t CK0 -H\ f \- 



\ 



Uoe* 



Sequential Mode 



i 



«OD»| 



•0-13 



* 



1.5V -jP \-1.5V -J^1.5V \ 



f W P 0-1 




----- v n 



"•"'ctCQ-'H 



Asynchronous Preset 



/ 



■«-'pp«-» 



F M*» 



(Fn) - 1 



1.5v\ (F„ = 1) 



1.5V -jf \ 15V jf t5V \ 

"*""' — — — — — r — tcKH — fc 






A 1 ' 5V 



ov 

VOH 

Vol 
+3V 
0V 

+3V 
OV 



Power-On Preset 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period -when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period - when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when Outputs become 

Valiu ^vvith PR/wE lOW;. 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input lo transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Deiay between input io transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 



tCKL 
tCKP1 

t|S1 



tCKP2 
tlS2 



Ws 



tpRS 



t|H 



*CKO 



tOE 



tOD 



tSRE 



tSRD 



tpR 



tpPR 



tpRH 
f MAX 
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TIMING DIAGRAMS (Continued) 



DC 



■IX 



INTERNAL 
STATE REG. 



OUTPUT 
RF 



T- 8.0V 



1.5V 4- 
— «IH — j 



2*/ 



< F n) 



,-- 1 



r 



V 



W ^jf (N s ) 






^m 



+3V 

0V 

+10V 

+3V 

0V 



_- -__ — — _.__- v„ 



"" 'SRD— *\ 

MOP 



mm mw (Fn 



Diagnostic Output Mode 



TEST LOAD CIRCUIT 



■o 








P 1 






P() 






F o 




I 
I 




F 3 


j 


<13 






CK PR/OE 


— -° 



X 



1. 

I 



(INCLUDES SCOPE 

AND JIG 

CAPACITANCE) 



VOLTAGE WAVEFORM 




JawU 1, t, — „ 




u 




ov 



-j^- 90° ~ 



-IsnsU J 5ns 



WF05390S 

MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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SPEED VS. "OR" LOADING 



The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 

(1 /fMAx) = tCY = t|S + tcKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1 , showing the variation of tisi with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
three limits for the parameters tisi and t|S2- 
The first, tisiA is guaranteed for a device 
with 48 terms connected to any OR line. 
tisiB is guaranteed for a device with 32 
terms connected to any OR line. And tj S1 c 
is guaranteed for a device with 24 terms 
connected to anv OR line 







I|S1B 








fvj/ 








\s 








-^T ! 









TERMS CONNECTED/OR 



Figure 1. t^i vs. Terms/OR 
Connected 



the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tjs and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 



The Three other entries in the AC table, t|S2 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 

The worst case tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con- 
nections. This can be done by referring to 



TRANSITION TERMS T 



ooooooo. 

-D 
-D 



Figure 2, Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION -(P/E) 



-CttdD—.,, 



OPTION 


CODE 


PRESET 1 


H 



-ctto-. 



OPTION 


CODE 


OE 


L 



PROGRAMMING: 

The PLS1 67 has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



<=:: 



q 



STATE 


CODE 


INACTIVE 1 - 2 






< 



> — i,p 



Si 



STATE 


CODE 


I, P 


H 






SI 



STATE 


CODE 


i. P 


L 



l,PC- 



a 



Si 



STATE 


CODE 


DON'T CARE 


- 



'OR" ARRAY -(N), (F) 



I>- s 



ACTION 


CODE 


INACTIVE 1 ' 3 









ACTION 


CODE 


SET 


H 






ACTION 


CODE 


RESET 


L 



■D— h 



ACTION 


CODE 


NO CHANGE 


- 



"COMPLEMENT" ARRAY -(C) 







^-<± 



ACTION 


CODE 


INACTIVE 1 ' 4 






"—a- 



I 



ACTION 


CODE 


GENERATE 


A 







L -<i- 



ACTION 


CODE 


PROPAGATE 


• 







■-a- 



ACTION 


CODE 


TRANSPARENT 


- 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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FPLS PROGRAM TABLE 



PROGRAM TABLE ENTRIES 





CUSTOMER NAME 








AND 






1 


OR 
















MACTIVE j 


1 
1 

1 
1 
1 
1 


MACTIVE j 


Na.Fr 


SIGNETICS OCV1C6 # 


CF <XXXX) 


GENERATE J A 


SET 1 H 

1 1— 1 




PROPAGATE { • 


RESET 1 L 


CUSTOMER SYMBOLIZED PART # 




TRANSPARENT j - 


NO CHANGE j - 






TOTAL NUMBER Of PARTS 








I 












INACTIVE i 


1 OPTION 


PROGRAM TABLE ( I 


1, P 1 H 














lm,Ps 1 
1 
! 
1 


PRESET ! H 


P/E 


REV 






IP il 


DATE 




DONT CARE j - 


01 |l 








1 






AND 




OPTION (P/E) | 


OR 


T 
E 
R 
M 


Cn 


3 1 2 | 1 J 


IT 


INPL 
8l7 


ITfl 
6 1 


M) 
5 


4l3 


2 


1 





7 


PR 
6 


ESI 

5 


iNTSTA 


TE( 

2 


Ps) 

1 I 


REMARKS 


NEXT STATE (Ns) | 

7 6 5 4 3 2T1T0 


01 
3 


JTPl 
2 


JT(Ff> 
1 


""■& " 








— r- 






1 
































1 1 










1 






























































s 




k 1 
































I 














1 












3 




J 


1 j 
































j 
















1 










4 




f 


i | 












































. . 




1 










5 




[ 


, | 


























































6 




| 


, j 


























































7 




I 
















































1 










8 




i 
























. ' 








1 


























■ S 




j 


' 
























































ns~ 




1 


■ | 



























































11 




! 


■ 
















































1 










12 




J 


■ 






























| 












1 












,_H_. 




f 


1 
















I 




















1 






14 














































W 




j 


■ | 
















~^ 


I 


! i 












I 1 


1 1 












r i« 




1 












































17 
































j 






















18 


























i 




[ 
























"T5 -1 


















j 




] j 




! 
























"sr 








' 














1 1 
















i ! ■ i ' 


I 










[■"57 


















: ; 






i 




i 
























22 


















1 1 






I 


















i 


















23 




























































24 


















1 1 














































2S 




r 












B T ] 














































26 




_i 










, ! 
















































27 




































































?8 




































































29 


































































3b 




























[ 






































31 


































































i 32 1 














































r t 1 




















^^ 




































































3* 




































































35 
































































36 










































; 




I 


















37 










































^ 






















4!- 










































' 




~~_^_ 


















TT' 














































_^r^ 


















_&,. 








































~1 1 




^^ 


















41 








































! 1 




i 


















.,«.. 












i 1 






1 


































43 
















I 


j ■ 










; 




■ i 




i 


















44 
















j 




















i 


















t M 1 
















| 








i 






■ ! 




— i — i 


1 
















46 
















i i 


' ■ 
































47 
















1 | ' 




■ i 




' 




— hH 


1 














PIN \ 1 
NO. | 7 


1 
8 


1 
9 


2 




2 

1 


2 
2 


*r 


3 i 4 

! 


S ; 6 i 7 


8 




1 1 

5 4 


1 
3 


1 
1 


1 




9 


VARIABLE 
NAME 












i 

i 


1 
i 

j 


i 1 

! 

i 1 

1 1 




i 

i 

i 


I 







NOTES: 

1. The FPLS is shipped with all links initially intact Thus, a background of "0" for all Terms, and an "H" for the P/E option, exits in the table, shown BLANK instead for clarity. 

2. Unused C n , l m , and P s bits are normally programmed Don't Care ( — ). 

3. Unused Transition Terms can be left for future code modification or programmed as ( — ) for maximum speed. 
A. Letters in variable fields are used as identifiers by logic type programmers. 



November 14, 1986 



5-31 



Signetics Application Specific Products • Series 24 



Product Specification 



Field-Programmable Logic Sequencer (14 X 48 X 6) 



PLS167 



TEST ARRAY 



The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
I0-13 as shown in the test circuit timing dia- 
gram. 



(•n+^Fn 




Cn +F n)/F„ 





Vcc9 + sv 


I 


Vcc| 






'0-13 P °- 7 ~* 
CK F M -i 
PR/0E 


CLOCK - 




I OND 



State Diagram 



FPLS Under Test 



T 
E 
R 
M 


AND 


C 




INPUT (kit) 


PRESENT STATE (P») 


1 
3 


1 

2 


1 
1 


1 



9 


8 


7 


6 


5 


4 


3 


2 


1 





7 


6 


S 


4 


3 


2 


1 





48 


A 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


49 


• 


L 


L 


L 


L 


L" 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 



OPTION (PC) | H 


OR 


NEXT STATE <N») 


OUTPUT (Fr) 


7 


6 


5 


4 


3 


2 


1 





3 


2 


1 





L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 



Test Array Program 



Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 




Test Circuit Timing Diagram 
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Test Array Deleted 
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DESCRIPTION 

The PLS167A is a bipolar, programma- 
ble state machine of the Mealy type.The 
Field-Programmabie Logic Sequencer 
(FPLS) contains logic AND-OR gate ar- 
rays with user programmable connec- 
tions which control the inputs of on-chip 
State and Output Registers. These con- 
sist respectively of 8 Q p , and 4 Q f edge- 
triggered, clocked S/R flip-flops, with an 
Asynchronous Preset Option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND array combines 14 external 
inputs, I0-13, with 8 internal inputs, P -7, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po and P-| of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 6 bits, if 
so desired. 

All transition terms can include True, 
False, or Don't Care states of the con- 
trolling variables, and are merged in the 
OR array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
ComD'ement Arr Qw . Also if desired the 
Preset input can be converted to output- 



FUNCTIONAL DIAGRAM 



PLS167A 

Field-Programmable Logic 
Sequencer (14 X 48 X 6) 

Signetics Programmable Logic 
Product Specification 



enable function, as an additional user 
programmable option. 

Order codes are contained on the pages 
following. 

FEATURES 

• Field-Programmable (Ni-Cr link) 

• 14 True/Complement buffered 
inputs 

• 48 programmable AND gates 

• 25 programmable OR gates 

• 8-bit State Register 

• 2-bit shared State/Output 
Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic "1" of 
all registers 

• Automatic logic "HOLD" state 
via S/R flip-flops 

• On-chip Test Array 

• f MAX : 20MHz 

• Power: 600mW (typ.) 

• TTL compatible 

• Tri-state outputs 

• Single +5V supply 

• 300mil-wide 24-pin DIP 
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PIN CONFIGURATIONS 
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APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Security locking systems 
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PIN DESCRIPTION 






PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 


CK 


Clock: The Clock input to the State and Output Registers. A low-to-high transition on this 
line is necessary to update the contents of both registers. 


Active-High 


2-7 


•l - 13 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 


Active-High/Low 


17-23 




between machine states, as determined by a given logic sequence. 




8 


lo 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When l is held at +10V, device outputs F _3 and 
P0-1 reflect the contents of state register bits P2-7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops P0-1 and F _3 remain unaltered. 


Active- High /Low 


9-11 


Fo-3 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 


Active-High 


13 




Output Register bits Q0-3, when enabled. When l is held at +10V, F _3 = (P2_5). 




14-15 


P0-1 


Logic/Diagnostic Outputs: Two register bits with shared function as least significant 
State Register bits, or most significant Output Register bits. When l is held at +10V, 


Active-High 


16 


PR/OE 


P -1 = (P 6 -7)- 




Preset or Output Enable Input: A user programmable function: 






. Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 


Active High (H) 






bits. Preset overrides Clock, and when held High, clocking is inhibited and Po _ 1 and 








F _ 3 are High. Normal clocking resumes with the first full clock pulse following a High- 








to-Low clock transition, after Preset goes Low. 


Active-Low (L) 


• Output Enable: Provides an Output Enable function to all output buffers. 



LOGIC FUNCTION 



Typical State Transition: 



02 


01 00 


l-hl/l 


rE REGISTER 


I ° 


I 1 I 




SET Q„: S„ " (Qj • 0, • Q ) «A • B • C . 
R D = 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 



1. 



PR/OE option is set to PR. Thus, all 
outputs will be at "1", as preset by initial 
power-up procedure. 
All transition terms are disabled (0). 
All S/R flip-flop inputs are disabled (0). 
The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 



TRUTH TABLE 1 


2, 3, 4, 5, 


6 














OPTION 
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lo 


CK 


s 


R 


Qp/f 
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^^^1 
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H 




^^^| 


+ 10V 


X 


X 


X 


Qn 


(Qp)r, 
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X 


X 


X 


X 


Qn 


(Qp)n 


II 


* 


X 


X 


X 


Qn 


Hi-Z 


+ 5V ^^^| 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 




L 


X 


X 


X 


X 


Qn 


(QF)n 
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H 
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H 
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X 


X 
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X 


X 


X 


^^^1 



1. Positive Logic: 

S/R = T + T, + T 2 + ... + T 47 

T n = C(l h l 2 ...) (Po P1-P7) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmable option. 

3. T denotes transition from Low-to-High level. 

4. R = S = High is an illegal input condition. 

5. * = H/L/+10V 

6. X = Don't care ( < 5.5V) 
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FPLS LOGIC DIAGRAM 
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NOTES: 

1. All AND gate Inputs with a blown link float to a logic "V 

2. All OR gate inputs with a blown link float to a logic "0". 

3. - $>Ksp*i»!»j*ai ccwiBcSoa 



I 

HZ] ck 
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ORDERING INFORMATION 



ABSOLUTE MAXIMUM RATINGS 1 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


PLS167AN 


28-pin Plastic Leaded 
Chip Carrier 


PLS167AA 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


V D c 


VlN 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


tauT 


Output currents 




+ 100 


mA 


T A 

T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 
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DC ELECTRICAL CHARACTERISTICS o°c<T A <75°c, 4.75V < v cc < 5.25V 







TEST CONDITIONS 


LIMITS 


UNIT 


SYMBOL KAHAME 1 tH 


Min 


Typ 2 


Max 


Input voltage 3 


V| H | High 
V| L | Low 
Vic | Clamp 4 


V C c = Max 2 
Vcc = Min 
Vcc = Min, l|N=-12mA 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
Ioh = -2mA 
Iql = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


iiH 

]lL 
HL 


High 
Low 

lCW ^Or\ input; 


V| N = 5.5V 
V| N = 0.45V 
V lN = 0.45V 




<1 
-10 
-50 


25 
-100 
-250 


MA 


Output current 


bfOFF) 

los 


Hi-Z state 7 
Short circuit 4 ' 8 


V C c = Max 
Vout = 5.5V 
VouT = 0.45V 

Vout = 0V 


-15 


1 

-1 


40 
-40 
-70 


ma 

mA 


•cc 


V cc supply current 9 


V C c = Max 




120 


180 


mA 


Capacitance 7 


C| N Input 
Cqut I Output 


Vcc = 5.0V 
V, N = 2.0V 
Vqut = 2.0V 




8 

10 




PF 

I 




NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is 
not implied. 

2. All typical values are at V C c = 5V. T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V IL applied to OE and a logic high stored, or with V|h applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and V||_ applied to PR/OE Output sink current is supplied 
through a resistor to Vcc- 

7. Measured with V| H applied to PR/5E. 

8. Duration of short circuit should not exceed 1 second. 

9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R, = 470ft, R 2 = 1k£2, C L = 30pF, 0°C < T A < + 75°C, 4.75V < V CC < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


LIMITS 


UNIT 


Min 


Typ 1 


Max 


Pulse width 3 


*CKH 
tCKL 
tCKP1 B 
t CKP2 B 
*PRH 


Clock 2 high 

Clock low 

Period (without Complement Array) 

Period (with Complement Array) 

Preset pulse 


CK- 
CK + 
CK + 
CK + 
PR- 


CK + 
CK- 
CK + 
CK + 
PR + 


25 
25 
50 
80 
25 


15 
15 
40 
50 
15 




ns 


Setup time 3 


tiSiA 
tisiB 

*IS2A 
t|S2 B 

tvs 

l PRS 


Input 

Input 

Input (through Complement Array) 

Input (through Complement Array) 

Power-on preset 

Preset 


CK + 
CK + 
CK + 
CK + 
CK- 
CK- 


Input ± 

Input ± 

Input ± 

Input 

Vcc + 
PR- 


40 
30 
70 
60 




-10 
-10 




ns 


Hold time 


t|H 


Input 


Input ± 


CK + 


5 


-10 




ns 


Propagation delay 


l CKO 
tOE 

bD 

tpR 
tpPR 


Clock 

Output enable 
Output disable 
Preset 
Power-on preset 


Output ± 
Output - 
Output + 
Output + 
Output + 


CK + 
OE- 
OE + 
PR + 

Vcc + 




15 
20 
20 
18 



20 
30 
30 
30 
10 


ns 


Frequency of operation 3 


f Max B 
f Max B 


Without Complement Array 
With Complement Array 








20.0 
12.5 


MHz 



NOTES: 

1 . All typical values are at V C c = 5V, T A = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% 

3. See "Speed vs. OR Loading" diagrams. 



■90%) < 30ns. 
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TIMING DIAGRAMS 



TIMING DEFINITIONS 



y. 



CLK 



X 



/ ^L_/ 



^tato-HA f \- 



\ 



Uoi- 



Sequential Mode 



i 



'oo4 



Wb-1 




Asynchronous Preset 



/ 



Wo-, » 



<F„>*1 



••■'CKO*] 



«»*' 



— - I— 



•X 



ir 



\"'*.-" 






ov 

V H 

Vol 
+3V 
OV 

+3V 
OV 



Power-On Preset 



tCKH 
tCKL 
*CKP1 

t|S1 



{ CKP2 
*IS2 



tvs 



tpRS 



t|H 



tOE 



lOD 



*SRE 



tSRD 



tpR 



tpPR 



*PRH 
f MAX 



Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period - when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input l transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input l transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 



B 
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TIMING DIAGRAMS (Continued) 
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Diagnostic Output Mode 



TEST LOAD CIRCUIT 



CK PR/OE 



"1. 
I 



(INCLUDES SCOPE 

AND JIG 

CAPACITANCE) 



VOLTAGE WAVEFORM 



♦3.0V 




"J- ,_ 

J5n« | . L t, JsnsU 

-^- 90% 




« l 5nsl « » |5ns 



Wf05390S 

MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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TIMING DIAGRAMS (Continued) 
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Diagnostic Output Mode 
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MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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TIMING DIAGRAMS 



3 
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Power-On Preset 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period -when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period -when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input l transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input lo transition to 
logic mode and when the Outputs 
t reflect the contents of the Output 
ij Register. 

I Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between V cc (after power- 
on) and when Outputs become pre- 
set at "1". 

tpRH Width of preset input pulse. 

f^AX Maximum clock frequency. 



tCKL 
tCKP 

t|S1 



tCKP2 
tlS2 



Ws 



tpRS 



t|H 



tCKO 



t E 



tQD 



tSRE 



tSRD 



tpR 



tpPR 



B 
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SPEED VS. "OR" LOADING 



The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 

( 1 /fMAx) = toy - tis + *CKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of tisi with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
two limits for the parameters tisi and t|S2- 
The first, tisiA is guaranteed for a device 
with 24 terms connected to any OR line. 
tisiB is guaranteed for a device with 16 
terms connected to any OR line. 




TERMS CONNECTED/OR 



Figure 1. t| S1 vs. 
Terms/OR Connected 



diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the coiumns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 



The three other entries in the AC tabie, tis2 
A and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of tis f° r a given application 
can be determined by identifying the OR 
line with the maximum number of T n con- 
nections. This can be done by referring to 
the interconnect pattern in the FPLS !o n ic 



TRANSITION TCRMS T- 



0000! 






t t I D 



Figure 2. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION -(P/E) 



<tP>..i 



OPTION 


CODE 


PRESET 1 


H 



-CttO-. 



OPTION 


CODE 


6T 


L 



PROGRAMMING: 

The PLS167A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



I,PC- 



«_. 



1 — '* 



q 



STATE 


CODE 


INACTIVE 1 ' 2 






* 



9 





LS01860S 


STATE 


CODE 


I. P 


H 



<z. 



9. 



STATE 


CODE 


I, P 


L 



< 



9, 



T n 

LS01B40S 



STATE 


CODE 


DON'T CARE 


- 



'OR" ARRAY -(N), (F) 



■D- 



ACTION 


CODE 


INACTIVE 1 ' 3 






o— h 



ACTION 


CODE 


SET 


H 



■D- 
■D- 



ACTION 


CODE 


RESET 


L 



■D- 



ACTION 


CODE 


NO CHANGE 


- 



"COMPLEMENT" ARRAY -(C) 



<± 



3 



ACTION 


CODE 


INACTIVE 1 ' 4 






■—a- 



I 



ACTION 


CODE 


GENERATE 


A 




ACTION 


CODE 


PROPAGATE 


• 



a 



[ -<3r 



ACTION 


CODE 


TRANSPARENT 


- 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and the complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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FPLS PROGRAM TABLE 



PROGRAM TABLE ENTRIES 





CUSTOMER NAME 








AMD 








OR 










PURCHASE ORDER # 






MACnVE J 


Cn ! 


INACTIVE J 


►ta.Fr 


3K5KETTC3 CEVflCE # 


CF(XXXX) 


GENERATE | A 


SET ! H 




PROPAGATE j * 


RESET 1 L 


CUSTOMER SYMBOLIZED PART # 




TRANSPARENT [ - 


NO CHANGE j - 






TOTAL NUMBER OF PARTS 






















INACTIVE ! 


1 OPTION 


pQQfifUM TABI P ; t 


LP 1 H 














lm,P* 1 


PRESET ! H 


PC 


REV 






IP ! L 


DATE. 




1 

DONT CARE • - 


Ol * L 








I 






AND 




OPTION (P/E) | 


OR 


T 
E 
R 
M 


Cn 


1 
3 


:|: 


1 




T 


MPL 


rr(i 
"t 


m) 


r T T'i 


[*T T 1 


0" 


PR 

"rial 


ESI 


:ntsta 


TE( 


Ps) 
TTc 


REMARKS 


next state 

"tIIJIJT 


(Ns) | 

"3T2TTT6 


OUTPl 

" "3T2 





if 


- 8 ' 






.._! — 












■■' 1 


























1 








r~ 






1 






i 


















■ 
















1 




I 




t~ 






■ 






— r 


















1 1 
















■ 




I 






I 3 I 














■ 










1 
























1 ■ 




I 






■X- 


























T 




1 




















I 1 




j 






5 


























j 




[ 




















f 1 




j 






6 


















































1 ■ 




j 






■" f- 


























1 


























1 




I 






B 




















































j 










— v 




















































j ' 




| 






""15" 


























1 


























1 ■ 










11 


























1 


























I ■ 




| 






" 2 


























| 


























1 1 










13 


























1 
























■ 










f 1 4~~l 






















!' I 






























■ vr 


























! ■ 




















, 


i 


j 






16 


























! ! 
















I 






I ■ 












j 17 1 


























1 






















1 












■~i5~ 










































> 






1 ; 












19 


























1 | 
















1 






1 ■ 












"ST 




















! 






















■ II 




1 ■ 












_« 










































1 j 




{ ■ 












i" 22 


































I 








1 1 
















"S 
































































24 


































































25 
















,""" ' 






























~f 




















26 
















. 




























t 




















27 












































1 




















?* 
















~^ 




























1 




















iS 
















! i_J 


























J 




















'»"" 








' 








i t | 


























t 




















, 31 








1 








' i 


























1 




















32 
















1 1 
























1 




















3? 
















i i 


























, 1 1 




















34 










































1 




















35 
















i ! ' 














































"36 
















j 1 


























' 




















{ 37 
















1 i 


























J 




















38 
















1 


























T 




















~TB" 
















j 






















1 




' 




















40 






























































41 
















j I 






















! 




1 




















' 42 1 




























. t 




















43 






j 














r "I 1 


1 • 1 




' 








1 — r 








44 


- 










j f 










r ' t 


■ 1 








1 


I 


■ j 


! 






45 


j 




1 






I 1 










'• 












t 


1 








46"'" 1 


i 


' 1 






l 1 1 


* i 






L ■ "' 1 1 


s 1 1 




















47 










! j i 




! I 


» 1 ! 












■ 








pm 1 1 

NO. j7 


1 


1 i 2 

9 , 


2 
1 


2 
2 


3 i 1 i 


5 16^7 


8 




1 i 1 
5 [* 


1 ! 1 

3 : 1 


°! 9 


VARIABLE 
NAME 


I 
j I 

| I 

j j 




| | 

1 ! i 


1 1 

j 1 
i 1 




i 











NOTES: 

1. The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for P/E option, exists in the table, shown BLANK instead for 
clarity. 

2. Unused C n , l m , and P s bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic programmers. 
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TEST ARRAY 



The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
I0-13 as shown in the test circuit timing dia- 
gram. 



('n +F n) /F n 




Cn +F n) /,: n 



State Diagram 




J GND 



FPLS Under Test 



T 
E 
R 
M 


ANO 


c 




INPUT (Im) 


PRESENT STATE (Ps) 


1 
3 


1 
2 


1 
1 


1 



9 


8 


7 


6 


5 


4 


3 


2 


1 





7 


6 


5 


4 


3 


2 


1 





48 


A 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


49 


• 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 



OPTION (P/E) | H 


OR 


NEXT STATE (Ns) 


OUTPUT (Fr) 


7 


6 


5 


4 


3 


2 


1 





3 


2 


1 





L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 



Test Array Program 



Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 



kna 



STATE ^ 
REGISTER 




Test Circuit Timing Diagram 



T 
E 
R 
M 


AND 


c 


1 
3 


1 
2 


1 
1 


1 



9 


INPU 


T(fcn) 

6T5" 1 


4 


3 


2 


1 





Pf 

? | 6 


1ESE 
5 


NT 

4 


5TA1 
3 


"E(P 
2 


ll. 


48 


- 


H 


H 


H 


H 


H 


H 


H 


H 1 H 


H 


H 


H 


H 


H 


H I H 


H 


H 


H 


H 


H 1 H 


49 


• 


L 


L 


L 


I 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


M L 


L 


L 


L 


L 


L i L 



OPTION (P/E) | H 


OR 


TT71 


VEX 


rsT 

r 71 


ATE 


(Ns) 

1 — 1 
2 


1 — 

1 





01 
3" 


JTPUT(F 


r) 
0* 















































Test Array Deleted 
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DESCRIPTION 

The PLS168 is a bipolar, programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 1 Q p , and 4 Qf edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND array combines 12 external 
inputs, I0-1 1 , with 1 internal inputs, Prj.g, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, P0-P3 of the internal State Reg- 
ister are brought off-chip to allow ex- 
tending the Output Register to 8 bits, if 
so desired. 

All transition terms can include True, 
False, or Don't Care states of the con- 
trolling variables, and are merged in the 
OR array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to output- 



FUNCTIONAL DIAGRAM 



PLS168 

Field-Programmable Logic 
Sequencer (12 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



enable function, as an additional user 
programmable option. 

Order codes for this device are con- 
tained on the pages following. 

FEATURES 

• Field-Programmable (Ni-Cr link) 

• 12 True/Complement buffered 
inputs 

• 48 programmable AND gates 

• 29 programmable OR gates 

• 10-bit State Register 

• 4-bit shared State/Output 
Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic "1" of 
all registers 

• Automatic logic "HOLD" state 
via S/R flip-flops 

• On-chip Test Array 

• f MAX : 13.9MHz 

• Power: 600mW (typ.) 

• TTL compatible 

• Tri-state outputs 

• Single +5V supply 

• 300mii-witie 24-pin Dip 




PIN CONFIGURATIONS 







N Package 






CKfT 


^J 


U v cc 


'sLT 




U'6 


ULT 




H'7 


'3 LI 




El's 


'2 LI 




10 1 9 


.,[£ 




m '10 


'oLT 




HKi 


f [t 




jT] PR/OE 


FlU 




IHP3 


F2LI 




Hp 2 


*»\K 




33 Pi 


gndQI 




«]•% 


N = Plastic 




CDC3261S 


A Package 




N/C F, Fo lo I1 I2 N/C 

r ra m rn m m rri 




F 2 rj2 


^ 


±\\3 


F 3 [J3 




T]u 


GND[J4 




3". 


Po[l5 




JJCK 


Pi fi? 




MJVcc 


P 2 [J7 




27] l 6 


P3[J8 




26] l 7 




bd H l»J l»l N H y 

N/C PR/OE In l, l 9 l s N/C 




CD04461S 

A = Plastic Leaded Chip Carrier 




APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security locking systems 

• Counters 

• Shift registers 
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PIN DESCRIPTION 






PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 


CK 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition 
on this line is necessary to update the contents of both registers. 


Active-High 


2-6 


I1-11 


Logic Inputs: The 11 external inputs to the AND array used to program jump 


Active-High/Low 


18-23 




conditions between machine states, as determined by a given logic sequence. 




7 


lo 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, 
when exercised with standard TTL levels. When l is held at +10V, device outputs 
F 2 _3 and P0-3 reflect the contents of State Register bits P4_g (see Diagnostic 
Output Mode diagram). The contents of flip-flops P0-1 and Fo_3 remain unaltered. 


Active-High/ Low 


13- 16 


P 0-3 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents 
of State Register bits Pn-3- When l is held at +10V these pins reflect (P6-P9). 


Active-High 


10-11 


F 2 -F 3 


Logic/Diagnostic Outputs: Two register bits (F 2 -F 3 ) which normally reflect Output 


Active-High 


17 


PR/OE 


Register bits (Q2-Q3). When l is held at +10V these pins reflect (P4-P5). 




Preset or Output Enable Input: A user programmable function: 






• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output 


Active-High (H) 






Register bits. Preset overrides Clock, and when held high, clocking is inhibited 








and P0-9 and F _3 are high. Normal clocking resumes with the first full clock 








pulse following a High-to-Low clock transition, after Preset goes low. 


Active-Low (L) 


• Output Enable: Provides an Output Enable function to all output buffers. 


8, 9 


Fo-Fi 


Logic Output: Two device outputs which reflect Output Registers Q -Qi. When In 
is held at +10V F -Fi = Logic "1". 





LOGIC FUNCTION 



Typical State 


Transition: 


02 01 00 






1-1*1-1 


1 


PRESENT STATE 

T«¥«c»... 


STATE REGISTER 


\ 


6 

Q )'A 


NEXT STATE 
• "B'C ... 


I- I- hi 


SET Q : S = (Qj • Q, • 


R = 






RESET 0,: S, = 

R, = (Q 2 "0 


l'Oo) 


X'"b • c . . . 


HOLD 2 : S 2 = 






R 2 = 




TB00900S 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links -tntaet, stteh that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 



TT47" 
...P 9 ) 



TRUTH TABLE 1 


2, 3, 4, 5, 


6 














OPTION 














v cc 


PR 


OE 


■0 


CK 


s 


R 


Qp/F 


F 




^^^1 




X 


X 


X 


H 


H 




H 


+ 10V 


X 


X 


X 


Qn 


(Q P )n 




1 


x 


X 


X 


X 


Qn 


(Q F )n 


^M H 




X 


X 


X 


Qn 


Hi-Z 


+ 5V ■ 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 


^^H 


L 


X 


X 


X 


X 


Qn 


(Qrfn 


^^H 


L 


X 


T 


L 


L 


Qn 


(Qf)„ 


■ L 


X 


T 


L 


H 


L 


L 


■ ■ L 


X 


t 


H 


L 


H 


H 


■ ■ 


X 


T 


H 


H 


IND. 


IND. 


I 


X 


X 


X 


X 


X 


X 


1 



NOTES: 

1. Positive Logic: 
S/R = T "+ Ji --FTJT-.:: 
T n = C(l h l 2 ...) (P P- 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmable option. 

3. T denotes transition from Low to High level. 

4. R = S = High is an illegal input condition. 

5. * = H/L/+10V 

6. X = Don't care ( < 5.5V) 
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FPLS LOGIC DIAGRAM 



-(lookterms-t)- 




i i i ; • i i 1 1 ■ ! i i M i i : i : ' i i i \jlM. 



: I M : : ' ' I i ; ; 1 1 j i ! j I i i , , I ! i : i ' I ■ ■ | '< : ; < i : r . 1 1> - 

■> -J- 1 _l I- , -r-~ r- , — *, _ , , , ,| »■_ 
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<— • c ; " 'i'ii . ' ■■ ■ i i i i i — i ■ i i ' i i i — I i i ' i i i t — i i i ■ i i i ) i , i i i ■ ' D — i | 

n l|j i I'i ! { h niiilii|rii!tiij!ic'H i i ^ MW 




NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1" 

2. All programmed "OR" gate locations are pulled to logic "0". 

3. * 



■H' 



4Q p« 



H^nri 



4h *, 

4q 'i 



-HI] 
-0 
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ORDERING INFORMATION 



THERMAL RATING 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


PLS168N 


28-pin Plastic Leaded 
Chip Carrier 


PLS168A 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


VlN 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


l|N 


Output currents 




+ 100 


mA 


T A 
T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 
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DC ELECTRICAL CHARACTERISTICS o°C < T A < 75°c, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
V|L 

Vic 


High 
Low 
Clamp 4 


V cc = Max | 2 | 

Vcc = Min i j 

V C c = Min, I|n = - 12mA j | -0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
Ioh = -2mA 
Iql = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 
IlL 


High 
Low 
Low (CK input) 


V| N = 5.5V 
V, N = 0.45V 
V|N = 0.45V 




< 1 
-10 
-50 


25 
-100 
-250 


^A 


Output current 


b(OFF) 

los 


Hi-Z state 7 
Short circuit 4 ' 8 


V cc = Max 
Vqut = 5.5V 
V OU T = 0.45V 

V UT = OV 


-15 


1 
-1 


40 
-40 
-70 


ma 

mA 


! CC 


V cc supply current 9 


V cc = Max 




120 


180 


mA 


Capacitance 7 


C|N 
CqUT 


Input 
Output 


Vcc = 5.0V 
V| N = 2.0V 
Vqut = 2.0V 


8 

! 1 ° ! 


PF 




NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not 
implied. 

2. All typical values are at V cc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V !L applied to OE and a logic high stored, or with V iH applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and V| L applied to PR/OE Output sink current is supplied 
through a resistor to Vcc- 

7. Measured with Vm applied to PR/Of. 

8. Duration of short circuit should not exceed 1 second. 

9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470f2, R 2 =1k£2, C L = 30pF, 0°C < T A < + 75°C, 4.75V < V cc < 5.25V 











LIMITS 




SYMBOL 


PARAMETER 


TO 


FROM 


Min 


Typ 1 


Max 


UNIT 


Pulse width 3 


tCKH 


Clock 2 high 


CK- 


CK + 


25 


15 






tCKL 


Clock low 


CK + 


CK- 


25 


15 






tCKPlB 


Period (without Complement Array) 


CK + 


CK + 


80 


40 






tcKP2 B 


Period (with Complement Array) 


CK + 


CK + 


120 


60 






tpRH 


Preset pulse 


PR- 


PR + 


25 


15 






Setup time 3 


tiSiA 


Input 


CK + 


Input + 


60 








tisiB 


Input 


CK + 


Input ± 


50 








tisiC 


Input 


CK + 


Input ± 


42 








t|S2A 


Input (through Complement Array) 


CK + 


Input ± 


90 






ns 


t|S2B 


Input (through Complement Array) 


CK + 


Input 


80 








t|S2C 


Input (through Complement Array) 


CK + 


Input 


72 








tvs 


Power-on preset 


CK- 


V C c + 





-10 






tpRS 


Preset 


CK- 


PR- 





-10 






Hold time 


tlH 


Input 


Input ± 


CK + 


5 


-10 




ns 


Propagation delay 


tCKO 


Clock 


Output ± 


CK + 




15 


30 




tOE 


Output enable 


Output - 


OE- 




20 


30 




tOD 


Output disable 


Output + 


OE + 




20 


30 




tpR 


Preset 


Output + 


PR + 




18 


30 




tpPR 


Power-on preset 


Output + 


Vcc + 







10 




Frequency of operation 3 


fMAxC 


Without Complement Array 










13.9 


MHz 


f MAX C 


With Complement Array 










9.8 





NOTES: 

1 . All typical values are at V C c = 5V, T A = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% 

3. See "Speed vs. OR Loading" diagrams. 



•90%) < 30ns. 
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TIMING DIAGRAMS 



K 



X 



/ )CL-/. 



"W p o- 



l CKH ■+" *CKL- 

* CKP 



~^T — 7 



1.5V \- 



Sequential Mode 



i 



toD»| 



X 



^ \—-J-J^ V*v / "V \ 



fWo-s 




Asynchronous Preset 




■W p o-3 ^ 



( F n) = 1 



-•-'CKO-^I 



\ (Fn 



1-5V ■% (F. = 1) 



1.5V -jr \ 15V if 15v \ 

r« — 'ckh — »■ 



X 



r- 



ov 

VoH 

Vol 

+3V 
OV 



"•— *IH — »j 



v — 



Power-On Preset 



tCKL 
tCKP1 

t|S1 



tCKP2 



t|S2 



tvs 



tpRS 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period -when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period - when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vqc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input l transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Q^Iqw hahi/aan inmtt j~ trancitinn in 

Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 



tlH 



tCKO 



tOE 



*OD 



*SRE 



tpR 



tpPR 



tpRH 
f MAX 
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TIMING DIAGRAMS (Continued) 



DC 



~X 



INTERNAL 
STATE REG. 



OUTPUT 
RF 



-j 1 - 8.0V 



1.5V -i- 

— -A 

— «.H— j 



f 



.— I 



r 



* 



(Ps> }|£ (Ns> 

"■ 'SRE "1 •• 'SRD — "1 



'MS 1 



+3V 

0V 

+10V 

+3V 

0V 



V 



'Ml 



Diagnostic Mode 



p«5»U» < F n 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



. v cc 

'o 








P 3 








Pn 


— 




F o 




1 ' 
1 




F 3 


1 


'11 




CK PR/OE 





± 



} 



(INCLUDES SCOPE 

AND JIG 

CAPACITANCE) 




» I 5ns l • »J5ns 



WF053WS 

MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and output, unless otherwise (specified. 

Input Pulses 
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SPEED VS. "OR" LOADING 



The maximum frequency at which the FPLS 

/-*gr» Kg ^Irt^L-ciH utrhila nr»£ira+inn in corn ion. 

tial mode is given by: 
(1 /fMAx) = l CY = t|S + tcKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1 , showing the variation of tisi with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
three limits for the parameters t !S i and t ( s2- 
The first, tisiA is guaranteed for a device 
with 48 terms connected to any OR line. 
tisiB is guaranteed for a device with 32 
terms connected to any OR line. And tisic 
is guaranteed for a device with 24 terms 
connected to any OR iine. 




~^7\ 



TERMS CONNECTED/OR 

OPO 

Figure 1. t^i vs. 
Terms/OR Connected 



diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 



The three other entries in the AC table, t(S2 
A, B and C are corresponding 48, 32 and 
24 term limits when using the on-chip 
Complement Array. 

The worst case of tis for a given application 
can be determined by identifying the OR 
iine with the maximum number of T n con- 
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 



TRANSITION TERMS T„ 



000000 




Figure 2. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION -(P/E) 




PROGRAMMING: 

The PLS168 has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



*z: 






q 



STATE 


CODE 


INACTIVE 1 ' 2 






l,PO- 



<c:: 



S> 



STATE 


CODE 


1. P 


H 



** ' — ijp 



SI 



STATE 


CODE 


1. P 


L 



* 



q 



STATE 


CODE 


DON'T CARE 


- 



"OR" ARRAY -(N), (F) 



■O- 



ACTION 


CODE 


INACTIVE 1 ' 3 






■D- 
-D- 



ACTION 


CODE 


SET 


H 



■O- 



ACTION 


CODE 


RESET 


L 



■D- 



ACTION 


CODE 


NO CHANGE 


- 



"COMPLEMENT" ARRAY -(C) 







^o 





US01930S 


ACTION 


I CODE 


INACTIVE 1 ' 4 


I 







<J 





LS01940S 


ACTION 


I CODE 


GENERATE 


J A 



*>■ 







L -<1 



ACTION 


CODE 


PROPAGATE 


• 







•—a 



ACTION 


CODE 


TRANSPARENT 


- 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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FPLS PROGRAM TABLE PLS168 



CUSTOMER NAME 




AND 


~"" 


















OR 










PURCHASE ORDER * 




r 


■uctmi a 


°" 1 


|M4CTWt* 






CF (XXXX) 




f«T n 








( WKWfflfcTi 


{uner t 








L 


nUMMHMT - 


OP 










TlNACTim o 


TION 


"e« _.... 




r 


',» L 




MUT H 






ntrm 


| «WTCAM - 


OC L 




AND 




OPTION (P/E) ) 


OR 


T 
E 
R 
M 


=» 




PRESENT STATE <P<) 
(P.) 


KCUADKS 


NEXT STATE (N<) 


OUTPUT (f ') 


1 


1 












T 





S 


4 3 


2 


1 





9 


> 


7 


t 


S 


T 


2 


' 







"51 


> 


7 


• 


S 


4 3 


: 


T 





3 


2 


1 












































































1 












































































2 












































































3 












































































4 












































































i 












































































> 












































































7 












































































I 

























































































































































W 












































































11 












































































12 












































































13 












































































14 












































































11 












































































U 


























— 






- 












































" 












































































1« 












































































19 
















































_I] 


























20 
















































! 1 


























21 
















































T 


























22 
















































L-. i ■»- 


























23 










































































34 
















































_ 




























29 












































































X 












































































27 












































































2> 












































































■ « l 












































































30 












































































31 












































































32 




























"" 
















































33 












































































34 












































































3S 












































































M 












































































37 










































































31 










































































19 








ii 


































































40 










































































41 
















































i 
























42 
















































I 
























43 










































































44 










































































45 


















































i 






















40 








































































47 




















































| 




















PIN 

NO. 


' 


9 


2 




2 


2 
2 


2 


2 


3 


* 


5 


6 


7 




6 


I 


1 


3 


1 





9 


« 


VARIABLE 
NAME 






i 








I 
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TEST ARRAY 



The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
I0-11 as shown in the test circuit timing dia- 
gram. 



Cn • FnKFn 



On+Wl 



O-FnVi. 




FPLS Under Test 



NEXT STATE (Nsl T 



PRESENT STATE (Ps) 

(P«> 



2p 

Lit 



HiWH 






H 



*» 



LiL 



L.L 



M1H 



Test Array Program 



Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 




Test Circuit Timing Diagram 















































OPTION (PE) j H 




OR 


T 
E 
R 
M 


C n 




INPUT(lm) 


PRESENT STATE (Ps) 
(P«) 


REM 


ARKS 


NEXT STATE (Ns) 
(P«) 


| OUTPUT (Ff) 


, 









9 


8 


6 


5 




2 


' 





9 


8 


7 




J 


3 


2 


' 







9 


8 


7 


6 


5 


3i 


2 


1 





3 


2 


1 





48 


- 


H 


H 


H 


HJH 


^ 


M 


HjH 


H 


H 


H 


H 


H 


M 


H|H 


H 


H 


H 


H 


U 




























— 


49 


• 


L. 


t 


L. 


^ 


i_ 


L 


«■!«. 


U 


L 


(. 


1_ 


L 


L. 


^ 


i_ 


L 


L. 


L 


L 














_ i 

















Test Array Deleted 
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DESCRIPTION 

The PLS168A is a bipolar, programma- 
ble state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 10 Q p , and 4 Q f edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND array combines 12 external 
inputs, I0-11, with 10 internal inputs, P0-9, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, P0-P3 of the internal State Reg- 
ister are brought off-chip to allow ex- 
tending the Output Register to 8 bits, if 
so desired. 

AN transition terms can inciude True, 
False, or Don't Care states of the con- 
trolling variables, and are merged in the 
OR array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 

Qrtmnjgrrjgnt A x rrQ\i m Ajoq if desired the 

Preset input can be converted to output- 



FUNCTIONAL DIAGRAM 



PLS168A 

Field-Programmable Logic 
Sequencer (12 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



enable function, as an additional user 
programmable option. 

Order codes for this device are con- 
tained on the pages following. 

FEATURES 

• Field-Programmable (Ni-Cr link) 

• 12 True/Complement buffered 
inputs 

• 48 programmable AND gates 

• 29 programmable OR gates 

• 10-bit State Register 

• 4-bit shared State/Output 
Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic "1" of 
all registers 

• Automatic logic "HOLD" state 
via S/R flip-flops 

• On-chip Test Array 

• f MAX : 20MHz 

• Power: 600mW (typ.) 

• TTL compatible 

• Tri-state outputs 

■ Single +5V supply 

• 300mil-wide 24-pin DIP 




PIN CONFIGURATIONS 







N Package 






ck[T 


^J 


H v cc 


ULT 




H>6 


UE 




U'7 


'3 LI 




13 'a 


■ 2 rr 




10 " 9 


•,E 




D'io 


■oE 




is! i.-, 


FoE 




17] PR/OE 


*,E 




]HP3 


F 2 [tt 




15]p 2 


F3LH 

gndQ| 




33 Pi 

3Hpo 


N = Plastic 




CD03261S 


A Package 




N/C F1 F lo H h N/C 

i«i ra m rn m m m 




F 2 [tt 


" 


3 b 


F 3 [l3 




T]u 


GND[l4 




H' 5 


Po[J5 




JJcK 


Pl[J6 




a]vcc 


P 2 [J7 




wjis 


P3IJ8 




Hi? 




[19] [20] [21] [22j |23] |24j [MJ 
N/CPR/OEln l 10 l 9 Is N/C 




CD04461S 

A = Plastic Leaded Chip Carrier 




APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security locking systems 

• Counters 

• Shift registers 



November 14, 1986 



5-57 



853-0323 86548 



Signetics Application Specific Products • Series 24 



Product Specification 



Field-Programmable Logic Sequencer (12 x 48 x 8) 



PLS168A 



PIN DESCRIPTION 






PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 


CK 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition 
on this line is necessary to update the contents of both registers. 


Active-High 


2-6 


h-11 


Logic Inputs: The 11 external inputs to the AND array used to program jump 


Active-High/Low 


18-23 




conditions between machine states, as determined by a given logic sequence. 




7 


lo 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, 
when exercised with standard TTL levels. When l is held at +10V, device outputs 
F 2 - F 3 and P - P3 reflect the contents of State Register bits P 4 _ 9 (see Diagnostic 
Output Mode diagram). The contents of flip-flops Po_i and Fq_3 remain unaltered. 


Active-High/Low 


13- 16 


Po-3 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents 
of State Register bits P _3. When lo is held at +10V these pins reflect (P6-P9). 


Active-High 


10-11 


F2-F3 


Logic/Diagnostic Outputs: Two register bits (F 2 -F 3 ) which reflect Output Register 


Active-High 


17 


PR/OE 


bits (Q2-Q3). When l is held at +10V these pins reflect (P4-P5). 




Preset or Output Enable Input: A user programmable function: 






. Preset: Provides an Asynchronous Preset to logic "1" of all State and Output 


Active-High (H) 






Register bits. Preset overrides Clock, and when held high, clocking is inhibited 








and P0-9 and F _3 are high. Normal clocking resumes with the first full clock 








pulse following a High-to-Low clock transition, after Preset goes low. 


Active-Low (L) 


. Output Enable: Provides an Output Enable function to all output buffers. 


8, 9 


F0-F1 


Logic Output: Two device outputs which reflect Output Registers Qo-G-j. When lo 
is held at +10V F -F-| = Logic "1" 





LOGIC FUNCTION 



Typical State Transition: 


02 Q1 Q0 




1 - 1 - 1-1 


fs„ J PRESENT STATE 

1 T-T- c • . . . 


STATE REGISTER 


\ 


(s<,,l\ NEXT STATE 
•Qo) -A" •"§"• C . 


l.l.h 


SET Q ; S„ = (Q, • Q 


R = 




RESET Q,: S, * 

R, =(Q 2 " 


q 1 »"q )»"a'T»-c ... 


HOLD O s : Sj = 




R 2 = 






TB00900S 



VIRGIN STATE 

A factory shipped virgin device ...contains. .all... 
fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. 



TRUTH TABLE 1 


2, 3, 4, 5, 


6 














OPTION 














Vcc 


PR 


OE 


lo 


CK 


s 


R 


Qp/f 


F 




^^^H 


* 


X 


X 


X 


H 


H 




^^H 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 




| 


X 


X 


X 


X 


Qn 


(Qp)n 


■ 


* 


X 


X 


X 


Qn 


Hi-Z 


+ 5V ^^^H 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 




L 


X 


X 


X 


X 


Qn 


(Q F )n 




L 


X 


T 


L 


L 


Qn 


(Q F )n 


^^^B 


X 


T 


L 


H 


L 


L 


H 


X 


T 


H 


L 


H 


H 


■ 


X 


T 


H 


H 


IND. 


IND. 


T 


X 


X 


X 


X 


X 


X 


1 



NOTES: 

1. Positive Logic: 

S/R = T + Tf + T 2 + ... + T 47 

T n = C(l h l 2 ...) (P P1...P9) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmable option. 

3. T denotes transition from Low to High level. 

4. R = S - High is an illegal input condition. 

5. * = H/L/+10V 

6. X = Don't Care ( < 5.5V) 
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FPLS LOGIC DIAGRAM 
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NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1". 

2. All programmed "OR" gate locations are pulled to logic "0". 
3. 



-fiTl ""PE 



-43 f ' 
-43 f « 
-0 ck 
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Product Specification 


Field-Programmable Logic Sequencer (12 x 48 X 8) 


PLS168A 



ORDERING INFORMATION 



ABSOLUTE MAXIMUM RATINGS 1 



THERMAL RATING 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


PLS168AN 


28-pin Plastic Leaded 
Chip Carrier 


PLS168AA 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


V DC 


VOUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


l|N 


Output currents 




+ 100 


mA 


TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 
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Product Soecification 



Field-Programmable Logic Sequencer (12 x 48 x 8) 



PLS168A 



DC ELECTRICAL CHARACTERISTICS o°c<T A <75°C, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V| H 
V|L 

Vic 


High 
Low 
Clamp 4 


Vcc = Max 2 
Vcc = Min , : 
Vcc = Min, l|N = -12mA j | -0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
Ioh = -2mA 
Id = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


r- r- I 


High 
Low 
low ^vK inpUi/ 


V| N = 5.5V 
V| N = 0.45V 
V iN = 0.45V 




<1 
-10 
-50 


25 
-100 
-250 


iuA 

i 


Output current j 


'o(OFF) 


Hi-Z state 7 
Short circuit 4 ' 8 


V C c = Max 
V uT = 5.5V 
V uT = 0.45V 

V UT = ov 


-15 


1 
-1 


40 
-40 
-70 


ma 

mA 


Ice 


Vcc supply current 9 


V CC = Max 




120 


180 


mA 


Capacitance 7 


C IN 
COUT 


Input 
Output 


V C c - 5.0V 

V| N = 2.0V 

Vqut = 2.0V 




1 
8 | 
10 I 


PF 



a 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not 
implied. 

2. All typical values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V !L applied to OE and a logic high stored, or with Vih applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and Vn_ applied to PR/OE Output sink current is supplied 
through a resistor to Vcc- 

7. Measured with V !H applied to PR/OE. 

8. Duration of short circuit shouid not exceed 1 second. 

9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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Field-Programmable Logic Sequencer (12 x 48 X 8) 


PLS168A 



AC ELECTRICAL CHARACTERISTICS R 1 =470fi, R 2 = 1k£2, C L = 30pF, 0°C < T A < + 75°C, 4.75V < V CC < 5.25V 











LIMITS 




SYMBOL 


PARAMETER 


TO 


FROM 


Min 


Typ 1 


Max 


UNIT 


Pulse width 3 


tCKH 


Clock 2 high 


CK- 


CK + 


25 


15 






tCKL 


Clock low 


CK + 


CK- 


25 


15 






tCKPlB 


Period (without Complement Array) 


CK + 


CK + 


50 


40 






tCKP2B 


Period (with Complement Array) 


CK + 


CK + 


80 


50 






tpRH 


Preset pulse 


PR- 


PR + 


25 


15 






Setup time 3 


tiSlA 


Input 


CK + 


Input ± 


40 








tisiB 


Input 


CK + 


Input + 


30 








t|S2A 


Input (through Complement Array) 


CK + 


Input ± 


70 






ns 


t|S2B 


Input (through Complement Array) 


CK + 


Input 


60 








tvs 


Power-on preset 


CK- 


Vcc + 





-10 






tpRS 


Preset 


CK- 


PR- 





-10 






Hold time 


t|H 


Input 


Input ± 


CK + 


5 


-10 




ns 


Propagation delay 


tCKO 


Clock 


Output ± 


CK + 




15 


20 




tOE 


Output enable 


Output - 


OE- 




20 


30 




k)D 


Output disable 


Output + 


OE + 




20 


30 




tpR 


Preset 


Output + 


PR + 




18 


30 




tpPR 


Power-on preset 


Output + 


Vcc + 







10 




Frequency of operation 3 


fMAxB 


Without Complement Array 










20 


MHz 


fMAxB 


With Complement Array 










12.5 





NOTES: 

1 . All typical values are at Vcc = 5V, T A = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% 

3. See "Speed vs. OR Loading" diagrams. 



■90%) < 30ns. 
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Field-Programmable Logic Sequencer (12 x 48 x 8) 


PLS168A 



TIMING DIAGRAMS 



2 



X 



/ )Z-J- 



W* 



-t|M- 



P=T — ? 

U-t CKQ -H\ fl- 



1.5V JJr 

UoE- 



Jr 

XI 



«OD-| 



Sequential Mode 



1.5V -jL- 1.5V \ 



>W P ( 




Asynchronous Preset 



F oVo-3 




(F n ) = 1 



*'CKO-^ 



VEi 



1.5V -jr \ 1 - 5V x 1-5V \ 

"***'** — ———— — — — i — tcKH — ^ 



3C 



y i.5v 



ov 

VOH 

Vol 

+3V 
OV 

+3V 

OV 



Power-On Preset 



tCKL 
tCKP1 

t|S1 



tCKP2 



l IS2 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period -when not using 
Complement arra^. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period - when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
input data. 

Delay between positive transition of 
clock and when Outputs become 

"" lu \"'<- *"- •-«"/• 

to E Delay between beginning of Output 

Enable Low and when Outputs be- 
come valid. 

too Delay between beginning of Output 

Enable High and when Outputs are 
in the off state. 

tsRE Delay between input lo transition to 

Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

*srd Delay between input lo transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

tpR Delay between positive transition of 

Preset and when Outputs become 
valid "1". 

t PPR Delay between Vcc (after power- 
on) and when Outputs become pre- 
set &i i 

tp R H Width of preset input pulse. 

f MAX Maximum clock frequency. 



Ws 



tpRS 



tlH 



tcKO 
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Product Specification 



Field-Programmable Logic Sequencer (12 X 48 x 8) 



PLS168A 



TIMING DIAGRAMS (Continued) 



DC 




Diagnostic Mode 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



. v cc 
■o 


P 3 








F 3 






1 ■ 

1 

1 

1 , 






'11 






CK PR/OE 





T 



lc 

r 



(INCLUDES SCOPE 

AND JIG 

CAPACITANCE) 





OV 




■ I 5ns t- »J,5ns 



WF05390S 

MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and output, unless otherwise specified. 

Input Pulses 



November 14, 1986 



5-64 



Signetics Application Specific Products * Series 24 






Field-Programmable Logic Sequencer (12 x 48 x 8) 



PLS168A 



SPEED VS. "OR" LOADING 



The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 

(1 /fMAX) = tcY = t|s + tcKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1 , showing the variation of tisi with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
two limits for the parameters t^i and t|S2- 
The first, tisiA is guaranteed for a device 
with 24 terms connected to any OR line. 
tisiB is guaranteed for a device with 16 
terms connected to any OR line, 




8 16 24 32 

TERMS CONNECTED/OR 



Figure 1. tisi vs. 
Terms/OR Connected 



diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 



The three other entries in the AC table, t t s2 
A and B are corresponding 24 and 1 6 term 
limits when using the on-chip Complement 
Array. 

The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con- 
nections. This can be done by referring to 



TRANSITION TERMS T 



Oi 



i— H» — to 



f-fo 



Figure 2. Typical OR Array 
Interconnect Pattern 



B 



1MB niieiuuiiiieui (jaiicn 



-.~ cnt c i~«;« 
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Field-Programmable Logic Sequencer (12 x 48 x 8) 


PLS168A 



LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION -(P/E) 



O PR/OE 



-OtCh., 



OPTION 


CODE 


PRESET 1 


H 



-O^D-i 



OPTION 


CODE 


5E 


L 



PROGRAMMING: 

The PLS166A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



** ii — S 



9. 



STATE 


CODE 


INACTIVE 1 ' 2 






< 



9, 



STATE 


CODE 


I. P 


H 



**> — ii 



9. 



i, p 



l,PO- 



< 



9 



STATE 


CODE 


DON'T CARE 


- 



"OR" ARRAY -(N), (F) 






ACTION 


CODE 


INACTIVE 1 ' 3 









ACTION 


CODE 


SET 


H 



0- 



ACTION 


CODE 


RESET 


L 



■D— 



ACTION 


CODE 


NO CHANGE 


- 



"COMPLEMENT" ARRAY -(C) 







■—a- 



ACTION 


CODE 


INACTIVE 1 ' 4 






^<t 



I 



ACTION 


CODE 


GENERATE 


A 







L-<± 



ACTION 


CODE 


PROPAGATE 


• 



r— > 







KI 



ACTION 


CODE 


TRANSPARENT 


- 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T n . 

2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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FPLS PROGRAM TABLE PLS168A 



CUSTOMER NAME 










ANQ 




















DA 










PURCHASE ORDER » 




[ 


M4CT1VI | 




mtcntf o 






CF (XXXX) 




ainun > I 








C 


M0MOA11 • j 


AIMT L 


N,,F f 










1 TMMMKNT - | 


noshmgi - 










INACT1W O 1 


OP 


TlON 


PROGRAM TABLE* . 




r 






PC ... 




\ 


'.'• L 1 


•HU1 H 


.. 


bate 


[ DCWTCWW ^J | 


Of t. 


AND 




OPTION (WE) | 


on 


T 
E 
ft 
H 


c„ 




PRESENT STATE <P»> 
(P«) 


REMARKS 


NEXT STATE (Nj) 
(P«) 


[ OUTPUT (Prj 


1 


1 










9 


T 


6 


S 


* r 


2 


1 





9 


> 


7 


6 


S 


4 3 


2 


' 







1 


t 


7 


< 


i 


4 3 


2 


1 





3 


2 


1 












































































1 












































































2 












































































3 












































































4 












































































i 












































































S 












































































7 












































































■ 












































































9 












































































10 












































































11 
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1! 
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1. 












































































19 












































































20 












































































21 












































































22 












































































23 












































































24 












































































29 












































































2C 












































































27 












































































28 












































































M 1 
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49 
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i 






































PIN 
NO 


• 


9 


2 




2 


2 

2 


2 

3 


2 


3 


• 


S 


• 


' 




1 

e 


s 


1 


3 


5 





9 


a 


VARIABLE 

NAME 






r~j 














- 























































B 
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PLS168A 



TEST ARRAY 



The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
lo-n as shown in the test circuit timing dia- 
gram. 



Cn'FnVFn 




On+W, 



<' ■ F n> /F n 



Cn+FnVPn 



State Diagram 



CK 

PR/Ol 



FPLS Under Test 



AND 




OPTION (PE) 1 H 


OR 


T 
E 
R 
M 


C„ 






PRESENT STATE |Psl 
(Pxl 


REMARKS 


NEXT STATE (NS 
(P«) 


| OUTPUT (Fr) 


1 


1 









9 


8 


6 


s 


3 


7 


1 





9 


8 


7 


6 


4 


3 


2 


1 







9 


8 


7 


6 


5 


7TT 


2 


1 


c 


3 


2 


1 





48 


A 


H 


H 


£ 


H H 


H 


H 


H|W 


H 


H 


H 


\i 


H 


H 


H H 


H 


H 


H 


H 


H 




L 


L. 


L 


L 


l_ 


* 


L 


L 


L 


L 


L 


l_ 


L 


49 


. 


L 


L 


L. 


tK 


L 


L 


tl 


i. 


L 


L 


L 


L 


L 


tjL 


J. 


L 


L 


L 


i. 




H 


U 


HW 


HjH 


H 


H 


H 


H 


H 


H 


H 



Test Array Program 



Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 




Test Circuit Timing Diagram 
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OPTION |P E) | H 
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C n 






PRESENT STATE (Psl 
IPO 


REMARKS 


NEXT STATE (Ns 
(P») 


| OUTPUT (Fr) 


, 
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1 


6 
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2 
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2 


' 
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8 
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6 


5 


3l 


2 


' 





3 
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L. 
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Test Array Deleted 
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DESCRIPTION 

The PLS173 is a two-level logic element 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 

All AND gates are linked to 12 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 22 inputs to 10 outputs. 

On chip T/C buffers coupje either True 
(I, B) or Complement (1, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 

The PLS173 is field programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 

Order codes for this device are con- 
tained in the pages following. 



FUNCTIONAL DIAGRAM 



PLS173 

Field-Programmable Logic 
Array (22 X 42 X 10) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr links) 

• 12 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 30ns (max.) 

• Input loading: -100juA (max.) 

• Power dissipation: 750mW (typ.) 

• Tri-state outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 




PIN CONFIGURATIONS 







N Package 






'oE 


W 


I»cc 


'id 




Ub 9 


' 2 rr 




1b, 


' 3 rT 




EK 


'4 LI 




2J0B 6 


-sU 




UK 


'err 




IK 


'7 |T 




SBj 


> 8 rr 




!K 


'sDI 




H B i 


■io[Il 




i3 b„ 


GND[l2 




U'11 


N = Plastic 




CD03290S 


A Package 


N/C U lj 1. lj l< N/C 




n n m mm m ni 




1, Q5 


Vj". 


1,0 [w 




3u 


GND[l4 




I]'. 


.,,[1 


• 


T> 


B [J6 




HD Vcc 


B, [J7 




27] B, 


B s fJ8 




El B « 




[19] [20| 121] [22j [23j [24j [zsj 
N/C B, B, 8, B, B, N/C 




CD03390S 

NOTE: 

A = Plastic Leaded Chip Carrier 



LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 
Pn = ABC-D- . . . 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT OUTPUT POLARITY = L 



Z = PO +_P1 +P2 + . . . 
Z = P0-P1 -P2- . . . 

NOTES: 

1 . For each of the 1 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired outout polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (B). 
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FPLA LOGIC DIAGRAM 



(LOGIC TERMS- F>)- 
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NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1" 

2. All programmed "OR" gate locations are pulled to logic "0". 
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ORDERING INFORMATION 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mi!-wide 


PLS173N 


28-pin Plastic Leaded 
Chip Carrier 


PLS173A 



THERMAL RATINGS 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


llN 


Input currents 


-30 


+ 30 


mA 


Iout Output currents 


: +100 


mA 


Temperature range 
T A Operating 
T S tg Storage 


! +75 
-65 ! +150 


°C 




DC ELECTRICAL CHARACTERISTICS 0°C < T A < + 75°C, 4.75 < v cc < 5.25V 










SYMBOL I PARAMETER 


TEST CONDITIONS 




LIMITS 




UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V| L Low 
V IH High 
V| C | Clamp 3 ' 4 


Vcc = Min 

V C c = Max 

Vcc = Min, l|N = -12mA 


2.0 


-0.8 


0.8 

-1.2 


V 


Output voltage 


Vol 
Voh 


Low 3,5 
High 3 ' 6 


Vcc = Min 
Iol = 1 5mA 
l H = -2mA 


2.4 




0.5 


V 


Input current 11 


IlL 
l|H 


Low 
High 


V C c = Max 
V| N = 0.45V 
V, N = 5.5V 




I -100 
| 40 


pA 


Output current 


b(OFF) 

•os 


Hi-Z state 10 
Short circuit 4 ' 6 ' 7 


V C c = Max 
V uT = 5.5V 
Vqut = 0.45V 

V UT = OV 


-15 




80 
-140 
-70 


MA 
mA 


Ice 


V C c supply current 8 


V C c = Max 




150 


170 


mA 


Capacitance 


l|N 

C B 


Input 
I/O 


Vcc - 5V 
V| N = 2.0V 
V B = 2.0V 




8 

15 




PF 
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AC ELECTRICAL CHARACTERISTICS 0°C < T A < + 75°C, 4.75 < V C c < 5.25V, R 1 =470f2, R 2 = ikft 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


tpD 


Propagation delay 


Outputi 


lnput± 


C L = 30pF 




20 


30 


ns 


tOE 


Output enable 


Output- 


lnput± 


C L = 30pf 




20 


30 


ns 


tOD 


Output disable 9 


Output+ 


Input± 


C L = 5pF 




20 


30 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V cc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V| L applied to l^. Pins 1 -5 = 0V, Pins 6- 10 = 4.5V, Pin 11 = 0V and Pin 13 = 10V. 

6. Same conditions as Note 5 except Pin 1 1 = + 1 0V. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with l and l-i = 0V and I2-I11 and B -B 9 = 4.5V. Part in Virgin State. 

9. Measured at V T = V l + 0.5V. 

10. Leakage values are a combination of input and output leakage. 

11. I|l and Iih limits are for dedicated inputs only (lo — In)- 



TEST LOAD CIRCUIT 



TIMING DIAGRAM 



Bx 



GNO 

T 



INCLUDES SCOPE 
AND JIG 
CAPACITANCE 





TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

toD Delay between input change and 

when output is off (Hi-Z or High). 

toE Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 



+3.0V 




H5ns 





«r *f j 5n»U 



-J- 90% 

/ 



■ I5n »l « »J5na 



MEASUREMENTS: 

All circuit delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Array (22 x 42 x 10) 



PLS173 



LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this table, the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY -(B) 



+D- 



ACTIVE LEVEL 


CODE 


HIGH 1 


H 



=p 



O-' 





LS0196CS 


ACTIVE LEVEL 


CODE 


LOW 


L 



ic: 



9 



STATE 



INACTIVE 1 ' 2 



LB<>- 



cn 



9 



LS02O0OS 



9 



1 STATE 


CODE 1 


1 LB 


L 1 



-t£ 



9 

1 P,C 



DON'T CARE 




OR ARRAY 


-(B) 


















p 








P 






LS02010S 






LS02020S 




P n STATUS 


CODE 






P n STATUS 


CODE 




ACTIVE 1 


A 


INACTIVE 


• 













NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 
AND gates P„, D n . 

2. Any gate P n , D n will be unconditionally inhibited if both the true and complement of any input (I, B) are left 
intact. 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs at "H" polarity. 



All P n terms are disabled. 

All P n terms are active on all outputs. 



CAUTION: PLS173 TEST 
COLUMNS 

The PLS173 incorporates two columns not 
shown in the logic block diagram. These 
columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS1 73 in your application. If you are using a 
Signetics-approved programmer, the dis- 
abling is accomplished during the device 
programming sequence, if these columns are 
not disabled, abnormal operation is possible. 
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FPLA PROGRAM TABLE 
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Field-Programmable Logic 
Sequencer (20 X 45 X 12) 

Signetics Programmable Logic 
Product Specification 



DESCRIPTION 

The PLS1 79 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "foldback" in- 
verting buffer and control gate Fq. It 
features 8 registered I/O outputs (F) in 
conjunction with 4 bidirectional I/O lines 
(B). There are 8 dedicated inputs. These 
yield variable I/O gate and register con- 
figurations via control gates (D, L) rang- 
ing from 20 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 8 
inputs (I), bidirectional I/O lines (B), 
internal flip-flop outputs_(Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 



FUNCTIONAL DIAGRAM 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 8 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectional I/O lines 

• 8 bidirectional registers 

• J/K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Power-on reset on flip-flop 

• Clock frequency: PLS179: 18MHz 
(max.) 

• Input loading: PLS179:- 100/iA 
(max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• Tri-state option 



PIN CONFIGURATIONS 
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13] QE 


N = Plastic 




CO04520S 


A Package* 
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I]l2 


Bifj3 




TJh 


GND[J4 
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^i.,_. 
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F »E 




27] B 3 


FiQi 




SJF7 




[tt] |M| [2lJ [22j |23| [24j [25J 
N/C F 2 F 3 F 4 F 5 F 6 N/C 




CD04530S 

A = Plastic Leaded Chip Carrier 




APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops, as well as asynchronous 
Preset and Reset lines (P, R). 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 

The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are contained on the pages 
following. 

LOGIC FUNCTION 



03 02 01 00 ^_^ 
I 1 J I 1 I I (s„J PRESENT STATE 

STATE REGISTER I "a •¥•<:•... 

| | | | 1 | <S^\ NEXT STATE 

SETQj: J = <a 3 « O^.Q,.0^.'aVb«C ... 

K„ = 



TOGGLE Q 3 : J 3 = (0 3 • 2 . Q, . Q„) .A • B • C . 



K 3 = (Q 3 « 0,'Q^Ogl^A^B'C . 



FLIP-FLOP TRUTH TABLE 




OE 


L 


CK P 


R 


J 


K 


Q 


F 


H I 












H/Hi-Z 


L 


X 


X X 


X 


X 


X 


L 


H 


L 


X 


X H 


L 


X 


X 


H 


L 


L 


X 


X L 


H 


X 


X 


L 


H 


L 


L 


T L 


L 


L 


L 


Q 


Q 


L 


L 


T L 


L 


L 


H 


L 


H 


L 


L 


T L 


L 


H 


L 


H 


L 


L 


L 


T L 


L 


H 


H 


Q 


Q 


H 


H 


t L 


L 


L 


H 


L 


H* 


H 


H 


T L 


L 


H 


L 


H 


L* 


+ 10V 


X 
X 


T x 

T x 


X 
X 


L 
H 


H 
L 


L 

H 


H** 



NOTES: 

Similar logic functions are applicable for D and T 
mode flip-flops. 



NOTES: 

1. Positive Logic: 

J/K = T + 7-t + T 2 + ... + T 31 

T n = C-(l -li -l 2 ...) -(Qo-Qi...) -(B -Eh...) 

2. T denotes transition from Low to High level. 

3. X = Don't Care 

4. * = Forced at F n pin for loading J/K flip-flop in I/O 
mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

5. At P = R = H, Q = H. The final state of Q depends 
on which is released first. 

6.** = Forced at F n pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 

VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 
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FPLS LOGIC DIAGRAM 




1. All OR gate inputs witn a blown link float to logic u . 

2. All other gates and control inputs with a blown link float to logic T 

3. e denotes WIRE-OR. 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


PLS179N 


28-pin Plastic Leaded 
Chip Carrier 


PLS179A 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


'OUT 


Output currents 




+ 100 


mA 


T A 

TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



DC ELECTRICAL CHARACTERISTICS o o c < T A < 75"C. 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
V|L 

Vie 


High 
Low 

Clamp 


V cc = Max 

Vcc = Min 
Vcc = Min, liN = -12mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 
Low 


Vcc = Min, Ioh = -2mA 
Iol = 10mA 


2.4 


0.35 


0.5 


V 


Input current 


llH 
IlL 


High 
Low 


V cc = Max, V, N = 5.5V 
V| N = 0.45V 




< 1 
-10 


40 
-100 


ma 


Output current 


'O(OFF) 

•os 


Hi-Z state 5 ' 8 
Short circuit 4,6 


V CC = Max, V UT = 5.5V 
Vout = 0.45V 

You^.=JQV 


-15 


1 


80 
-140 
-70 


ma 

mA 


Ice 


Vcc supply current 7 


V cc = Max 




150 


210 


mA 


Capacitance 


Qn 

CqUT 


Input 
Output 


V C c = 5.0V, V| N = 2.0V 
Vqut = 2.0V 




8 
15 




pF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Vcc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with V| H applied to OE. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS R, = 470ft, R z 


= 1kJ2, 0°C<T A 


<+75°C, 4.75V < 


V cc < 5.25V 






SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 5 


Typ 1 


Max 


Pulse width 


C L = 30pF 




tCKH 
tCKL 
tCKP 
tpRH 


Clock 2 high 
Clock low 
Period 
Preset/Reset pulse 


CK- 
CK + 
CK + 
(I.B) + 


CK + 
CK- 
CK + 
(I.B)- 


20 
20 
55 
35 


15 
15 
45 
30 




ns 


Setup time 




t|S1 
t|S2 

t|S3 


Input 

Input (through F n ) 
Input (through 
Complement Array) 4 


CK + 
CK + 

CK + 


(I.B) ± 

F± 

(I.B) ± 


35 
15 

55 


30 
10 

45 




ns 


Hold time 




t|H1 
t|H2 


input 

Input (through F n ) 


CK + 
CK + 


i\a\ ± 
F± 



15 


-5 
10 


ns 


Propagation delay 




tCKO 

*OE1 

tOD1 

tpD 

*OE2 

tOD2 

tpRO 

tpPR 


Clock 

Output enable 
Output disable 3 
Output 

Output enable 
Output disable 3 
Preset/ Reset 
Power-on preset 


F± 
F- 
F + 
B± 

Q + 

B + 

F± 

F- 


CK + 
OE- 
OE + 
(l,B) ± 
(I.B) + 
(I.B)- 
(I.B) + 
Vcc + 




15 j 20 
20 j 30 
20 30 
25 | 35 
20 30 


ns 


C L = 5pF 


C L = 30pF 


C L = 5pF 


20 
35 



30 
45 
10 


C L = 30pF 



NOTES: 

1 . All typical values are at V C c = 5V, T A = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 10ns. 

3. Measured at V T = V l + 0.5V. 

4. When using the Complement Array Tqkp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



vcc 



B W 



CK 



T 



By 



■♦ B Z 



Ri 



51 



R 2, 



1 
I 



C L 



— (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 



+3.QV ^— ■— ■ 



■U- JU 10% 



-t r tf — »-5ra 



— n— ** 



-f- 90% 
10% -J. 

^j|n«-« 



WF054SJS 

MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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TIMING DIAGRAMS 



I. B 



(INPUTS) 



dd 



D( 



•/ \z—£ 



T CKH "• p — * CKL- 

*CKP 



(OUTPUTS) 



1.5V 
"•'CKO*- 



\ 



'R 



'OD1 



£ 



Flip-Flop Outputs 



I 



I. 8 
(INPUTS) "jt 1 -" 



B 
(OUTPUTS) 



I. B 
(OUTPUT ENABLE) 



Gate Outputs 




I. B 
(NPUTS) 



^ 



Ur.tGK0* 



)G 



h— «isi — 



X 



-•|H1- 



/ \zUL 



-'CKH- 



-*CKL- 



- 1 CKP 



■ ov 

' VOH 

■ Vol 

■ +3V 




+ 3V 

OV 

VOH 

vol 



voh 
vol 



Power-On Reset 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period. 

Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 

Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

Required delay between positive 
transition of clock and end of valid 
input data. 

Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

Delay between positive transition of 
clock and when Outputs become 
valid (with OE Low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between Vcc (after power- 
on) and when flip-flop outputs be- 
come preset at "1" (internal Q 
outputs at "0"). 

Propagation delay between combi- 
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
Delay between predefined Output 
Enable Low and when combina- 
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 



tCKL 
l CKP 
tpRH 
t|S1 



t|S2 



*IH1 



t|H2 



tCKO 



*OE1 



tQD1 



tpPR 



tpD 
tQE2 



*OD2 



tpRO 
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TIMING DIAGRAMS (Continued) 



i.e 

(INPUTS) 



PRESET/ RESET 



(I. B INPUTS) 



(OUTPUTS) 



I 



J—\ 



fr~\ 



-t|S1* 




*IS1 



\~ 



X (PRESET) V,'" 
j^j] ,\_ 



(RESET) \ / 

•1.5V Jt-isv 

(PRESET) 7 \ 



VOL 



"Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tisi 
cannot be guaranteed by the user. 

Asynchronous Preset/Reset 




(LOAD SELECT) 11 



J 



(INPUTS) 






\ 



I-*— »oei — *■ 



i-.—— /i 



1 



V T ■*■ (FORCED D| N ) 



- - i.i 



* •*— l CKH-*- * 



■+3V VOH 

■ov vol 



r 



3V 



Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded In these Tables, the logic state or action of all 
Logic Programming equipment. directly from the State Diagram using the I/O, control, and state variables is assigned a 

Program Tables on the following pages. symbol which results in the proper fusing 

pattern of corresponding links defined as 

follows: 



With Logic programming, the AND/OR-EX- 
OR input connections necessary to imple- 



"AND" ARRAY -(I), (B), (Qp) 



I, B, Q O- 



c„ 



< I — I, B, Q 
Q 







(T, F C , L, P, R, D) n 



STATE 


CODE 


INACTIVE 1 ' 2 






■«— cc:::: 



Y 



(T, F c , L, P, R, D) n 



STATE 


CODE 


I, B,Q 


H 



"^ — <►— 7,b,q 







(T, F c , L, P, R, D) n 



STATE 


CODE 


iii.Q 


L 



* 



I, B,Q 
T.B.Q 



d 



(T, F C , L, P, R, D) n 



STATE 


CODE 


DON'T CARE 


- 



'COMPLEMENT" ARRAY -(C) 



r-H> 



d 



•—a- 



(Tn. FC) 



ACTION 


CODE 


INACTIVE 1 ' 3 ' 5 






rH>- 



d 



[ -<l 



<T n . F C ) 



ACTION 


CODE 


GENERATE 5 


A 



r— > 



d 



L-O 



(Tn- F C) 



ACTION 


CODE 


PROPAGATE 


• 



I — °t>- 



d 



<i 



(T n . FC) 



ACTION 


CODE 


TRANSPARENT 


- 



r-> 




(D n , L„, P n , R n ) 



PROPAGATE 



Notes on following page. 



r— >■ 



d 



(Dn.L„.Pn.Rn) 



ACTION 


CODE 


TRANSPARENT 


- 



'OR" ARRAY — (MODE) 



FC 



o- 



■D- 



J/K OR D 
(CONTROLLED) 



FC 




_ ACTION 


.CODE 


J-K 


• 
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"OR" ARRAY — (Q N = D -Type) 




| T n STATUS 


CODE 


| ACTIVE (Set) 


A 



T> 



M = ENABLED^ 



£> 



T n STATUS 


CODE 


INACTIVE (Reset) 


• 



"AND" ARRAY — (Q N = J - K Type) 



£> 



M = DISABLED 



^-o 



■D-r 



M = DISABLED' 



o 



-d- 

IS ABLEE 



1 — L^X 

|M = DIS ABLED^ 



ACTION 


CODE 


j RESET 


L 




ACTION | CODE 


HOLD 1 - 




'OR" ARRAY — (S or B),(P),(R) 



EX-OR" ARRAY — (B) 



T n STATUS 


CODE 


ACTIVE 


A 



r~*N . P,R,S 

L-S (ORB) 



T n STATUS 


CODE I 


INACTIVE 


• 



=3D~ 



POLARITY 


CODE 


LOW 


L 



O- 



POLARITY 


CODE 


HIGH 


H 



OE " ARRAY — (E) 



«□— > — ■> 



-□— > — I 



r 



U-> 



r^ 



ACTION 


CODE 


ENABLE 4 


• 



□— > 



r 



ACTION 


CODE 


DISABLE 


- 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Fq, L, F, R, D) n wiii be uncondiiionaiiy inhibited if any one of the i, 3, or O link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates T n , F c . 

4. E n = O and E n = ■ are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of "OR" array links. 
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FPLS PROGRAM TABLE 



INACTIVE [0 


1. B,Q H 


T, B, 5 L 


DON'T CARE j- 




INACTIVE [o 


GENERATE A 


PROPAGATE • 


transparent)- 



I, B, (I), 
O(P) 



P, R, B (O) 

(0 = 0) 



J/K or D 
(CONTROLLED) 



F/F 


IDLE ! 


CONTROL A 




ENABLE • 




DISABLE j- 



o ~ 



u. D 

o o 



m ^ W 

W LU O 

2 a =r 

< <T m 

2 o g 

CC LU en 

S 5 S 

P 5 y 

w rx 



z> s 



NOTES 

1. The FPLS is shipped with all links intact. Thus 
a background of entries corresponding to 
states of virgin links exists in the table, shown 
BLANK for clarity. 

2. Program unused C, I, B, and O bits in the AND 
array as (— ). Program unused 0, B, R, and P 
bits in the OR array as ( — ) or (A), as applicable. 

3. Unused Terms can be left blank. 

4. O (P) and O (N) are respectively the present and 
next states of flip-flops Q. 



rrn 



XI 



-| — | — (—^ — I — I — r 



T _ r _ r 



EB 



Ea 



POLARITY 



7 ' 6 



4 3 2 1 ! 



-1-+- 



l! M ! 



l ! I 
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DESCRIPTION 

The PLHS473 is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 
The Signetics state of the art Oxide- 
Isolated Bipolar process is used to pro- 
duce performance not yet achieved in 
devices of this complexity. 

All AND gates are linked to 1 1 input pins, 
9 bidirectional I/O pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS473 can be config- 
ured with up to 20 inputs and as many as 
11 outputs. 

The AND array input buffers provide 
both the True and Complement of the 
inputs (lx) and the bidirectional signals 
(Bx) as programmable connections to 
the AND gates. All 24 AND gates can 
then be optionally linked to all 22 OR 
gates (a feature known as Product Term 
sharing not found in PALs 1 or most 
macroceli architectures). The OR array 
drives 11 output buffers which can be 
programmed as Active-High for AND-OR 
functions or Active-Low for AND-NOR 
functions. In addition, the I/O configura- 
tion of each bidirectional pin is individu- 
ally controlled by a sum-of-products 
(AND-OR) function which may also con- 

FUNCTIONAL DIAGRAM 



PLHS473 

Field-Programmable Logic 
Array (20 X 24 X 11) 

Signetics Programmable Logic 
Preliminary Specification 



tain any of the 24 AND gate outputs. 
This allows dynamic I/O configuration of 
all 9 bidirectional pins. 

The PLHS473 contains two new fea- 
tures of significance. A code verification 
lock has been incorporated to improve 
user security. The addition of three test 
columns and one test row enables the 
user to test the device in an unpro- 
grammed state. 

The PLHS473 is field programmable us- 
ing Vertical Avalanche Migration Pro- 
grammed (VAMP™) fuses to program 
the cells. This enables the generation of 
custom logic patterns using standard 
programming equipment. 

Order codes for this device are con- 
tained in the pages following. 

FEATURES 

m Field-Programmable 

• 11 dedicated inputs 

• 2 dedicated outputs 

• 9 bidirectional I/O lines 

• 24 product terms 

• 22 OR gates 

• I/O direction decoded in OR 
array 

• Output Enable decoded in OR 
array 




PIN CONFIGURATIONS 





N Package 






'.LI 


w 


UVcc 


HE 




lB| 


>![! 




H B? 


sE 




13 B, 


'.E 




M B 5 


'sE 




19] Ob 


■«E 




5S °» 


",r± 




13 B» 


',E 




HK 


i,rjo 




ts\b 2 


h.E 




SB, 


GNDfj2 




13] B 






CD05290S 


N = Plastic 


A Package 


N/C 1. 1; 1, 1, 1. N/C 




i»i i»i m i»i ui m iTi 




i.rs 




rn, 








uE 




111. 


gno[h 




3'. 


B [J5 




Tj,„ 


B, []? 




i» M 


B2Qf 




13 Bs 


.■,15 




3b 7 




y y y y y y y 




N/C s, o A o b 5 b 6 n/c 


CD05300S 


A = Plastic Leaded Chip Carrier 




• I/O propagation delay: 20ns 
(max.) 

• Input loading: -100/xA (max.) 

• Power dissipation: 700mW (typ.) 

• Security fuse 

• Testable in unprogrammed state 

• Programmable as Tri-state or 
Open-Collector outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 



1 PAL is a trademark of MMI. 
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FPLA LOGIC DIAGRAM 



-(LOGIC TERMS- P)- 



CD— < 
CD— £ 

>H— < 
Eh- -C 

■E — € 
S— < 
CZh^C 
GO— C 

,0 — c 

' fjo] £ 

'100 — £ 

Bo - 



A<j>AAc)>A^A AAAAAAAA AAAAAAAA 



- 1> ^p 



Y»-iP> 



"^p: 



i- 



B- 
i. 

i. 
i. 



1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1". 

2. All unprogrammed or virgin "OR" gate locations are pulled to logic "0". 



-{23] Bo 



-{S] B7 



-[»] B 5 



-0B4 



=Q.Ba. 



-QI] B 2 



— (uJ Bl 



-(wJbo 



— fii] B 



— (ia| o A 
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ORDERING INFORMATION 



LOGIC FUNCTION 



DESCRIPTION 


ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


PLHS473N 


28-pin Plastic Leaded 
Chip Carrier 


PLHS473A 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VouT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


!0UT 


Output currents 




+ 100 


mA 


T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TYPICAL PRODUCT TERM: 
Pn = A • B • C • D • ... 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 

AT OUTPUT POLARITY = L 



Z = PO +_P1 + P2 + 
Z = PO • P1 ■ P2 • . . 



NOTES: 

1 . For each of the 1 1 outputs, either function 2 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I), fixed output pins (0) and 
bidirectional pins (B). 



THERMAL RATINGS 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS 0°C < T A < + 75°C, 4.75 < V cc < 5.25V 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|L 

V|H 

Vic 


Low 
High 
Clamp 4 


Vcc = Min 

V C c = Max 

Vcc = Min, l| N =-12mA 


2.0 


-0.8 


0.8 

-1.2 


V 


Output voltage 3 


Vol 

VqH 


Low 5 
High 6 


Vcc = Min 
Iol= 15mA 
| 0H = -2mA 


2.4 


0.5 

I 


V 


Input current 


IlL 
llH 


Low 
High 


Vcc = Max J 
V| N = 0.45V 
Vin = 5.5V J 




-100 
40 


ma 


Output current 


to(OFF) 

•os 


Hi-Z state 10 
Short circuit 4,6 ' 7 


V C c = Max 
V 0U T = 5.5V 
Vqut = 0.45V 

Vout = 0V 


-15 




40 
-100 
-70 


ma 

mA 


Ice 


Vcc supply current 8 


V cc = Max 




140 


155 


mA 


Capacitance 


•in 

Cb 


Input 
I/O 


V CC = 5V 
V| N = 2.0V 
V B = 2.0V 




8 
15 




PF 
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AC ELECTRICAL CHARACTERISTICS o°C<T A < + 75°C, 4.75 < V cc < 5.25V, R 1 = 470ft, R 2 = lk£2 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


tpD 


Propagation delay 


Output± 


lnput± 


C L = 30pF 




15 


20 


ns 


tOE 


Output enable 


Output- 


lnput± 


C L = 30pF 




15 


20 


ns 


tOD 


Output disable 9 


Output+ 


lnput± 


C L = 5pF 




15 


20 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V cc = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Pins 1 -5 = 0V, Pins 6, 8 = 4.5V, and Pins 7, 9-11 = 10V. 

6. Same conditions as Note 5 except Pin 9 = 4.5V. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State. 

9. Measured at V T = V l + 0.5V. 

1 0. Leakage values are a combination of input and output leakage. 



TEST LOAD CIRCUIT 



TIMING DIAGRAM 




DUT 



INCLUDES SCOPE 
AND JIG 
CAPACITANCE 





TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

too Delay between input change and 

when output is off (Hi-Z or High). 

toE Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 




MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 
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LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this table, the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY - (0, 


B) 












S.B 










x -|-JE>- ? 


1 




ACTIVE LEVEL | CODE 






ACTIVE LEVEL 


CODE 1 


LOW 1 L 


HIGH 


H 1 




TC02560S 




TC02S70S 



« 



9 



STATE CODE 



*cn 



9 



STATE CODE 



< 



9 



l,BO- 



<a 



9 



STATE 


CODE 


1. B 


L 




OR ARRAY 


-(0, B) 
















p 








P 




U> ° 




L-S 






1 P„ STATUS | CODE 






P„ STATUS 


CODE 




1 INACTIVE 1 • 


ACTIVE 


A 


ra». 






TC025S 


3 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate P n will be unconditionally inhibited if the true and complement of either input (I or B) are both 
programmed for a connection. 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs at "L" polarity. 

2. All P n terms are enabled. (Don't Cares). 

3. All P n terms are inactive on all outputs. 
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AND 




1 

-H — 


OR 








PURCHASE ORDER # 






ACTIVE 1 A 
j 






SIGNETICS DEVICE it r.e /yyyy\ 


INACTIVE i j 


NACTIVE | • 






CUSTOMER SYMBOLIZED PART « 




1 


B | * 
1- 








TOTAL NUMBER OF PARTS 






1 


IO 


| 








DON'T CARE 1- 


i HIGH | H 


(POL) 












1 — 

OW 1 L 


POLARITY 




1 1 1 1 1 1 1 1 1 1 








T 
E 
R 
M 


AND 


T 
E 
R 
M 


OR 


1 


B(l) 


E 


D 


O 


B(O) 


10 


9 


8 


7 


6 


S 


4 


3 


i 2 


1 





8 


7 


6 


5 


4 


3 


2 


1 





B 


A 


8 


7 


6 


S 


4 


3 


2 


1 





B 


A 


8 


7 


6 


5 


4 


3 


2 


1 
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PIN 


11 


10 


9 


8 


7 


6 


5 


4 


:3 


2 


1 


23 


22 


21 


20 


17 


16 


15 


14 


13 


























19 


18 


23 


22 


21 


20 


17 


16 


15 


14 


13 


O 

< UJ 

II 










































Notes 

1. The FPLA Is shipped with all links open. 

2. Unused 1 and B bits In the AND array exist as 
Don't Care (-) In the virgin state. 

3. All P-terms are inactive on all outputs (B, O) In the 
virgin array. 

4. Unused product terms can be left Wank. 
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DESCRIPTION 

The PLC473 is a two-level logic CMOS 
Erasable Programmable Logic Device 
(EPLD) consisting of 24 AND gates and 
22 OR gates with EPROM ceil connec- 
tions for programming I/O polarity and 
direction. The Signetics state-of-the-art 
Floating Gate CMOS process is used to 
produce performance not yet achieved 
in devices of this complexity. 

All AND gate inputs are linked to 11 
dedicated input pins (Jo -ho) and 9 bi- 
directional I/O pins (Bo-Bs). These bi- 
directional pins are controlled via the OR 
array. Employing the 2 dedicated out- 
puts (Oa-Ob) and the programmable I/ 
O direction feature, the PLC473 can be 
configured with up to 20 inputs — and as 
many as 11 outputs. 

The AND array input buffers provide 
both the True and Complement of the 
inputs (Ix) and the bidirectional signals 
(B x ) as programmable connections to 
the AND gates. All 24 AND gates can 
then be optionally linked to all 22 OR 
gates (a feature known as Product Term 
sharing not found in PALs 1 or most 
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macrocell architectures). The OR array 
drives 11 output buffers which can be 
programmed as Active-High for AND-OR 
functions or Active-Low for AND-NOR 
functions. In addition, the I/O configura- 
tion of each bidirectional pin is individu- 
ally controlled by a sum-of-products 
(AND-OR) function which may also con- 
tain any of the 24 AND gate outputs. 
This allows dynamic I/O configuration of 
all 9 bidirectional pins. 

The PLC473 contains two new features 
of significance. Additional testing capa- 
bility includes stress test mode, whereby 
all cells can be stressed to ensure reli- 
ability. In another test mode, the thresh- 
old voltage of each cell can be individu- 
ally checked to ensure charge retention. 

The PLC473 is field programmable using 
Floating Gate Ultraviolet Erasable Cells. 
This enables the generation of custom 
logic patterns using standard program- 
ming equipment. 
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FEATURES 

• Electrically Programmable; UV 
erasable 

• 11 dedicated inputs 

• 2 dedicated outputs 

• 9 bidirectional I/O lines 

• 24 product terms 

• I/O direction decoded in OR 
array 

• i/O propagation deiay: 35ns 
(max.) 

• Input loading: -10/iA (max.) 

• Power dissipation at 10MHz 
CMOS: 210mW 

TTL: 270mW 

• Threshold voltage test mode for 
individual cells 

• Stress test mode for individual 
cells 

• Output: Tri-state condition 
decoded in OR array 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 



'Pal is a trademark of MMI 
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FPLA LOGIC DIAGRAM 
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NOTES: 

1. All programmed "AND" gate locations are pulled to logic "V 

2. All programmed OR" gale locations are pulled to logic "0" 
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ORDERING CODE 



LOGIC FUNCTION 



DESCRIPTION 


ORDER CODE 


24-pin Ceramic DIP 
with Window 
300mil-wide 


PLC473-35FA 


PLG473-45FA 


PLC473-60FA 



TYPICAL PRODUCT TERM: 
Pn = A-B-C-D- . . . 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLAR.'TY = H 
Z = PO + P1 + P2 . . . 

AT OUTPUT POLARITY = L 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


VlN 


Input voltage 




Vcc + 0.5 


Vdc 


V OUT 


Output voltage 




Vcc + 0.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


iouT 


Output currents 




+ 100 


mA 


T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


•c 

! 



Z = P0 + P1 + P2 + 
Z = P0-P1 -P2- . . 



NOTES: 

1 . For each of the 1 1 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I), fixed output pins (O) and 
bidirectional pins (B). 



DC ELECTRICAL CHARACTERISTICS o°C<T A < + 75°C, 4.75 


< V cc < 5.25V 










| 
SYMBOL | PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|L 
V|H 


Low 
High 


Vcc = Min 
V C c = Max 


-0.3 
2.0 




0.8 
Vcc + 0.3 


v 


Output voltage 3 


Vol 
Voh 


Low 
High 


Vcc = Win 
Iol = 8mA 
Iqh = -3mA 


2.4 




0.45 


V 


Input current 


l|H 


Low 
High 


V !N = GND 
V|N = Vcc 






-10 
10 


jiA 


Output current 


'OfOFF) 

tos 


Hi-Z state 8 
Short circuit 4 ' 7 


Vout = Vcc 
Vout = GND 
Vout = GND 


-15 




10 
-10 
-70 


juA 
juA 
mA 


ice 


Vcc supply current 
(Active) 5 ' 6 


No load 
f =1MHz 


CMOS inputs 






40 


mA 


TTL inputs 






50 


mA 


Capacitance 


•in 
Cb 


Input 
I/O 


V CC = 5V 
V| N = 2.0V 
V B = 2.0V 




6 
12 




PF 




AC ELECTRICAL CHARACTERISTICS 0°C<T A <+75°C > 4.75 < V cc < 5.25V, R 1 =470S2, R 2 =1kf2 



SYMBOL 


PARAMETER 


TO 


FROM 


TEST 
CONDITIONS 


PLC473-35 


PLC473-45 


PLC473-60 


UNIT 


MIN 


MAX 


MIN 


MAX j MIN 


MAX 


tpD 


Propagation delay i Output± 


lnput± 


C L = 30pF 




35 




45 




60 


ns 


tOE 


Output enable 


Output- 


lnput± 


C L = 30pF 




35 




45 




60 


ns 


*OD 


Output disable 9 


Output+ 


lnput± 


C L = 30pF 




35 




45 




60 


ns 



Notes on following page. 
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NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V C c = 5V. T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. CMOS inputs: V iL = GND, V| H = V cc 
TTL inputs: V| L = 0.45V, V| H = 2.4V 

6. Measured with all inputs and outputs switching. 

7. Duration of short circuit should not exceed 1 second. 

8. Leakage values are a combination of input and output leakage. 

9. Measured at V T = V l + 0.5V. 



TEST LOAD CIRCUIT 




1" 



TIMING DIAGRAM 
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TIMING DEFINITIONS 

tpo Propagation delay between input 

and output. 

toD Delay between input change and 

when output is off (Hi-Z or High). 

tog Delay between input change and 

when output reflects specified out- 
put level. 



VOLTAGE WAVEFORM 




MEASUREMENTS: 

All circuit delays are measured at the + 1 ,5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 
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LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 

In this table, the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 

"AND" ARRAY -(I, B) 



OUTPUT POLARITY -(O, B) 



+D- 



5,B 



ACTIVE LEVEL 



T)E^° 



I ACTIVE LEVEL 


CODE I 


! HIGH 1 


H ! 



<. 



9. 



STATE CODE 



DON'T CARE 



*^ i 



<i LB 



9. 



STATE 



INACTIVE 1 



9. 



STATE CODE 



** 1— T,§ 



9. 



STATE 


CODE 


I, B 


L 




OR ARRAY- 


■(0, B) 






















P 






Ls ° 




]_y 




I P n STATUS I CODE 






P„ STATUS j CODE 




I INACTIVE j • 


ACTIVE 1 | A 


TC02581S 






TC0259< 


s 



NOTES: 

1 . This is the initial unprogrammed state of all link pairs. 

2. Any Product Term (P„) wii! always be False (logic low) if at least one of its (!,B) link pairs is unprogrammed 
as shown. 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs at "H" polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 
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Notes 

1. The FPLA Is shipped with all links open. 

2. Unused 1 and B bits in the AND array exist as 
Don't Care (-) in the virgin state. 

3. All P-terms are Inactive on all outputs (B, O) in the 
virgin array. 

4. Unused product terms can be left blank. 
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Field-Programmable Logic Array (1 6 X 48 X 8) 

Field-Programmable Gate Array (16 X 9 X 9) 
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Field-Programmable Logic Sequencer (16 X 64 X 8) 
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DESCRIPTION 

The PLS100 (Tri-state) and PLS101 
(Open Collector ) are bipolar, fuse Pro- 
grammable Logic Arrays (FPLAs). Each 
device utilizes the standard AND/OR/ 
Invert architecture to directly implement 
custom sum of product logic equations. 

Each device consists of 16 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con- 
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 16 inputs 
can be ANDed together to comprise one 
P-term. All 48 P-terms can be selectively 
ORed to each output. 

The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collec- 
tor or Tri-state outputs for ease of ex- 
pansion of product terms and application 
in bus-organized systems. 

Order codes are contained on the pages 
following. 



FUNCTIONAL DIAGRAM 



PLS100/PLS101 

Field-Programmable Logic 
Array (16 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• Input variables: 16 

• Output functions: 8 

• Product terms: 48 

• I/O propagation delay: 50ns 
(max.) 

• Power dissipation: 600mW (typ.) 

• Input loading: -100mA (max.) 

• Chip Enable input 

• Output option: 

- PLS100: Tri-state 

- PLS101: Open-Collector 

• Output disable function: 

- Tri-state: Hi-Z 

- Open-Collector: High 

APPLICATIONS 

• CRT display systems 

• Code conversion 

• Peripheral controllers 

• Function generators 

• Look-up and decision tables 

• Microprogramming 

• Address mapping 

• Character generators 

• Data security encoders 

• Fault detectors 

• Frequency synthesizers 

• 16-bit to 8-bit bus interface 

• Random logic replacement 
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TYPICAL CONNECTION 



TYPICAL CONNECTION 
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PIN CONFIGURATIONS 
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LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn = AB-C-D- . . . 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = P0 + P1 + P2 . . . 


AT OUTPUT POLAI 


1ITY = L 

1- . . . 


Z = 

Z = 


PO + P1 + P2 H 
PO • P1 • P2 ■ . 


NOTES: 

1 . For each of the 8 outputs, either function Z (Active- 
High) or Z (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and output pins (0). 
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FPLA LOGIC DIAGRAM 
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NOTES: 

1. All AND gate inputs with a blown link float to a logic "1" 

2. All OR gate inputs with a blown fuse float to logic "0". 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


TRI-STATE 


OPEN-COLLECTOR 


28-pin Plastic DIP 600mil-wide 


PLS100N 


PLS101N 


28-pin Plastic Leaded Chip Carrier 


PLS100A 


PLS101A 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VouT 


Output voltage 




+ 5.5 


Vdc 


llN 


Input currents 


-30 


+ 30 


mA 


! OUT 


Output currents 




+ 100 


mA 


TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75«C 



The PLS100 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 



DC ELECTRICAL CHARACTERISTICS o°C < T A < + 75°C, 4.75V < V cc < 5.25V 







TEST CONDITIONS 


LIMITS 


UNIT 


SYMBOL fAHAMt 1 tK 


Min I Typ 2 


Max 


Input voltage 3 


V|H 
V|L 
V|C 


High 
Low 
Clamp 3 ' 4 


V C c = Max 

Vcc = Min 

Vcc = Min, 'in =-12mA 


2 

-0.S 


0.8 
-1.2 


V 


Output voltage 3 


VOH 

Vol 


High (PLS100) 5 
Low 6 


Vcc = Min 
Ioh = -2mA 
Iql = 9.6mA 


2.4 


0.35 


0.45 


V 


input current 


l|H 
IlL 


High 
Low 


V| N = 5.5V 
V| N = 0.45V 




<1 

-10 


25 
-100 


juA 


Output current 


'O(OFF) 

los 


Hi-Z state (PLS100) 
Short circuit (PLS100) 4 ' 7 


CE = High, V CC = Max 
V OU T = 5.5V 
V 0U T = 0.45V 

CE = Low, Vqut = 0V 


-15 


1 
-1 


40 
-40 
-70 


MA 
mA 


•cc 


Vcc supply current 8 


V C c = Max 




120 


170 


mA 


Capacitance 


C|N 
COUT 


Input 
Output 


CE = High, V C c = 5.0V 
V IN = 2.0V 
Vqut - 2.0V 




8 

17 




PF 



Notes on following page. 
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AC ELECTRICAL CHARACTERISTICS r, = 


470fi, R 2 =1k£2, C L 


= 30pF, 0°C<T A < 


4-75°C, 4.75V <V CC < 5.25V 




SYMBOL 


PARAMETER 


TO 


FROM 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Propagation delay 


tpD 


Input 


Output 


Input 




35 


50 


ns 


tcE 


Chip enable 


Output 


Chip enable 




15 


30 


ns 


Disable time 


tCD 


Chip disable 


Output 


Chip enable 




15 


30 


ns 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. All values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one pin at a time. 

5. Measured with Vil applied to CE and a logic high stored. 

6. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Vcc- 

7. Duration of short circuit should not exceed 1 second. 

8. Iqc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 
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Product Specification 



Field-Programmable Logic 
Array (16 x 48 x 8) 



PLS100/PLS101 



LOGIC PROGRAMMING 

The FPLA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table. 

In this Table the logic state or action of 
variables i, P, and F, associated with each 
Sum Term S n , is assigned a symbol which 
results in the proper fusing pattern of corre- 
sponding link pairs, defined as follows: 

"AND" ARRAY -(I) 



OUTPUT POLARITY -(F) 



































-iLS— f 




* +Il->-' 




ACTIVE LEVEL 


CODE 










ACTIVE LEVEL 


CODE 




LOW 


L 


HIGH 1 


H 














LS02293. 




LS02304S 





*C 







<rr: 



| STATE 


CODE 


j INACTIVE 1,2 






<3 



STATE 


CODE 


' 


H 



*ai; 



STATE 


CODE 


I 


L 



tC 







STATE 


CODE | 


DON'T CARE 


~~ ! 




"OR" ARRAY -(F) 







P 


— s 

LS0201DS 








P 


s 

LS02020S 








LJ 




Ls 






P n STATUS 


CODE 






P n STATUS 


CODE 




ACTIVE 1 


A 


INACTIVE 


• 















NOTES: 

1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 
AND gates P„. 

2. Any gate P n will be unconditionally inhibited if any one of its (I) link pairs is left intact. 
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Product Specification 



Field-Programmable Logic 
Array (16 X 48 X 8) 



PLS100/PLS101 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



vcc 



•15 

CE GNO 



FO 



"2 5 i c L 



_ — (INCLUDES 

score ano jig 

CAPACITANCE) 



TIMING DIAGRAM 



fX 




£ 



ov 

VOH 



Vol 



Read Cycle 



+3.0V 



""I V 



►|5ns|, t r t,. 



JL -i- 90% 

►IsnsU »J5m 



MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



TIMING DEFINITIONS 

tcE Delay between beginning of Chip 

Enable low (with Input valid) and 
when Data Output becomes valid. 

tcD Delay between when Chip Enable 

becomes High and Data Output is 
in off state (Hi-Z or High). 

tpo Delay between beginning of valid 

Input (with Chip Enable Low) and 
when Data Output becomes valid. 

VIRGIN STATE 

The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 

1. All P n terms are disabled (inactive). 

2. All P n terms are active on all outputs. 

3. All outputs are Active-High. 
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Product Specification 



Field-Programmable Logic 
Array (16 X 48 X 8) 



PLS100/PLS101 



FPLA PROGRAM TABLE 



CO 
UJ 

DC 

Z 
111 

LU 

m 
< 

H 
2 
< 

a 
o 

IT 
Q. 


UJ 

> 

UJ 

—i 

UJ 

> 

O 

< 

a 

i- 

O 


.2 3 


- 


NOTES 

1. Polarity programmed once only. 

2. Enter (H) lor all unused outputs. 


ANO 




POLARITY 

— rnT t - 

l j L 1 L 


n — 

L__L . 


T 
E 
R 
M 


INPUT (!„,) 


OR 


1 
5 


1 

4 


1 
3 


1 
2 


1 
1 


1 



9 


8 


7 


6 


5 


4 


3 


2 


1 





7 


6 


O 

5 


UTP 

4 


UT (F P ) 
3 2 


1 





2j= 

-- a> 


I 





















































1 


















































2 


















































3 


















































4 


















































5 


















































z 
g 

o 

z 

u. 
f- 
a. 

h- 

o 


o 0. 
Z u. 

E = 

» c 

1- 0) 

1- 


5 

o 

3 


I 

3 3 
O ci 

°I 

c t: 

C = 


6 


















































7 


















































8 


















































9 


















































10 


















































' 11 


















































12 


! 
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13 ! ! 












































a] 


14 
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^ 








| 






1 














' 15 


1 ! 
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m 9 


| a. = 


16 






















- „ 


1 




! t 






I ! 


I- — 

• c 

"D CD 
O 0) 

a. S 

CL 


<| |5 

: o 

jZ ^ 


17 


















1 














i | 












18 


















1 














| 












19 












' 
















' 




1 












20 


















' 










21 


i 


I 


! ! I 


I 1 1 
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! ! I 








o 




I 
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23 
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UJ 


R i i 


25 
















1 












I J 
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rr 
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a_ 
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Q | I 


26 
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I 
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j 
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27 
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29 
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CF (XXXX| 

REV DATE_ ._. 
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! 
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43 
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1 


I 


















. : *' , 


44 
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. : i £ i 


45 
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! 
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. < i 

1 , Q r- 1 

hi rx 

I ! N < ' 

, * * J °- 1 

rr HI O LL at 
W qj O CQ O UJ 


46 


i 


i 


j 


j 
































47 




i 
i 


! 




1 






























PIN 
NO. 


2 u 

1 1 


2 I 2 
2 | 3 


2 j 2 

4 5 


2 2 

6 1 7 


2 3 


4 


5 


6 


7 


8 


9 


1 




1 
1 


1 
2 


1 
3 


1 
5 


i 

6 


1 

7 


1 
8 


< 

Q 
U 

c 

1- 



c 


: t 

C l 

LJ C 

\ i 

( 

3 1 


r. hi 

ii 

3. C/3 


5 
> 

</3 

rr 

HI 

2 
O 
t- 

C0 
O 


HI D3 

m < 

is 

z < 

_j ^ 

< s 

r- O 

o rr 

1- 0- 


! 

UJ I 

Zj i I 
* z I I 

£ ! I 

; i I 






| 

i 
I 

! 

i I 


1 

! 
I 

i 

j 
1 


_1 
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DESCRIPTION 

The PLS103 is a bipolar, fuse Program- 
mable Gate Array. The device consists 
of nine AND/NAND gates which share 
16 common inputs. The type of gate is 
selected by programming the output as 
Active-High (H) or Active-Low (L). Each 
of the 16 inputs I0-I15 can be pro- 
grammed to provide the True (H), Com- 
plement (L), or Don't Care ( — ) state to 
each of the nine AND/NAND gates. OR/ 
NOR logic functions can also be imple- 
mented by complementing the inputs 
and outputs via on-chip inverting buffers. 

The device is field programmable, which 
means that custom patterns are immedi- 
ately available. 

The PLS1 03 includes chip-enable con- 
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica- 
tion in bus-organized systems. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 



PLS103 

Field-Programmable Gate 
Array (16 X 9 X 9) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 16 input variables 

• 9 output functions 

• Chip Enable input 

• I/O propagation delay: 35ns 
(max.) 

• Power dissipation: 600mW (typ.) 

• Input loading: -lOO^A (max.) 

• Tri-state outputs 

• Output disable function: Hi-Z 

• Fully TTL compatible 

APPLICATIONS 

• Random logic 

• Address decoders 

• Code detectors 

• Peripheral selectors 

• Fault monitors 

• Machine state decoders 



PIN CONFIGURATIONS 



f 


S 


r. 




Typical Connection 


'0 □ — r^n 




^ 


'C- 


=<§) 










'1 d — \£Z 










I 
I 










'15 D t£Z 










c 


\\ 


\ c 


7 




1 
1 


=)E>^.o - 






=}D- F ? 


Fusible Ni-Cr links are initially int 


act at all array 


cross-points. 


' — ^0- CE 







N Package 






'7 LI 




mvcc 


'6 LI 




ID >S 


'5 LI 




H '9 


<< LI 




U Ho 


•3 II 




M] In 


• 2 [I 




M '12 


'1 d 




m '13 


'o GE 




13 '14 


Fa rr 




"M '« 


f? Qo 




19] CE 


F 6 QT 




is f o 


f s m 




i3 F i 


F « QI 




3D F 2 


GND Q? 




iU F 3 

CD04280S 


N = Plastic 




A Package 






F 6 F 7 F 8 l l 1 l 2 l 3 

RHmmmmm 




F =E 






TJ-4 


F 4 [J3 






3 '5 


GND[i7 






D '6 


F 3\H 






TJi 7 


F 2 Qs 






«] v cc 


F tEi 






27] >B 


f o[h 






»] '9 




H l»| M w IhJ H Ifl 




CE ! 15 '14 't3 '12 
TOP VIEW 

A = Plastic Leaded Chip Carrier 


'11 '10 

CD04270S 


LOGIC 






FUNCTION 




TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 


X = A-I-C- . . . 




ACTIVE-LOW 




X = ABC- . . . 
X = A + B + C+ . . . 


NOTES: 

1 . For each of the 9 outputs, either function X (Active- 
High) or X (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and output pins (O). 
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Field-Programmable Gate 
Array (16 X 9 X 9) 



Product Specification 



PLS103 



FPGA LOGIC DIAGRAM 



'& 



- (LOGIC GATES-G)- 



*LH — £ 
"0 — E 



S — £ 
H — £ 



uQ — £ 



*I3 — tcj 

^H — *zf 



>□ — *g 



■^ 



sffiS 



ho S 1£ 



*H — t£ 



-H — £ 



im E — % | 



-*t 



r 



11111 

Xi ;X 7 I X« I ,Xj | ,X 4 ,X3 

Li u h u b 



if 

OOP 



? ? 




NOTES: 

1. All gate inputs when a blown link float to a logic "1" 

2. ft ~ 
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Product Specification 



Field-Programmable Gate 
Array (16 X 9 X 9) 



PLS103 



ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


28-pin Plastic DIP 600mil-wide 


PLS103N 


28-pin Plastic Leaded Chip Carrier 


PLS103A 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Mill 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VoUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input current 


-30 


+ 30 


mA 


'out 


Output current 




+ 100 


mA 


T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS o°c < T A < + 75°C, 4.75V < v cc < 5.25V 







TEST CONDITIONS 


LIMITS 


I 
UNIT 


SYMBOL ranAMc i en 


Min 


Typ 2 


Max 


Input voltage 1 


V| H 
VlL 
Vic 


High 
Low 
Clamp 3 


V C c = Max 

Vcc = Miri 

Vcc = Min, l|N = -12mA 


2.0 


-0.8 


0.8 
-1.2 


V 


Output voltage 1 


V H 

Vol 


High 5 
Low 4 


Vcc = Win 
Ioh = -2mA 
Iql = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 


High 
Low 


V| N = 5.5V 
V| N = 0.45V 




< 1 
-10 


25 
-100 


HA 


Output current 


lo(OFF) 

los 


Hi-Z state 

Short circuit 3 ' 6 - — 


CE = High, V cc = Max 
Vout = 5.5V 
Vout - 0.45V 
- - CE- Low, Vdot-OV 


-=ts 


1 
-1 


40 
-40 


TrfA 


-70 


Ice 


Vcc supply current 7 


V C c = Max 




120 


170 


mA 


Capacitance 


C|N 
COUT 


Input 
Output 


V cc = 5.0V 
V| N = 2.0V 
Vqut = 2.0V 




8 
15 




PF 



Notes on following page. 
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Product Specifi^atior 



Field-Programmable Gate 
Array (16 X 9 X 9) 



PLS103 



AC ELECTRICAL CHARACTERISTICS R 1 =470£2, R 2 =1kft, C L = 30pF, 0°C<T A <+75°C, 4.75V < V CC < 5.25V 



SYMBOL 


PARAMETER 


TO 


FROM 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Propagation delay 


tpo I Input 


Output 


Input [ | 20 


35 


ns 


tCE 


Chip enable 


Output 


Chip enable j 


15 


30 


ns 


Disable time 


tCD 


Chip disable 


Output 


Chip enable 




15 


30 


ns 



NOTES: 

1. All voltage values are with respect to network ground terminal. 

2. All typical values are at Vcc = 5V, T A = + 25°C. 

3. Test one pin at a time. 

4. Measure with a programmed logic condition for which the output under test is at a low logic level. Output sink current is supplied through a resistor to Vcc- 

5. Measured with V| L applied to CE and a logic high at the output. 

6. Duration of short circuit should not exceed 1 second. 

7. l C c is measured with the outputs open. 

8. Stresses above those listed under "Absolute Maximum Ratings " may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those listed in the operational and programming specification of the device is not implied. 



a 
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Product Specification 



Field-Programmable Gate 
Array (16 X 9 X 9) 



PLS103 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



'15 

CE GNO 



T 



R2 



1 

I' 



~ — (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 



IP ^v; 



INPUT ^ '- 1.5V 



Fo-Fs 



V 



£ 



m?<t 



■'CD — ►) 

ISVyf 
<L--V a 



All inputs: t r = t f = 5ns (10% to 90%) 



LOGIC PROGRAMMING 

In a virgin device all Ni-Cr links are intact. 

The FPGA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table. 

In this table, the logic state of variables I and 
F associated with each P-term P n is assigned 
a symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY -(I), (P) 



OUTPUT POLARITY -(F) 













r \1 








, )l V-F 


i X y^-f 






















ACTIVE LEVEL ] CODE 






ACTIVE LEVEL 


CODE 




HIGH 


H 


LOW 1 


L 




LS0229OS 






LS02303S 





^c: 







STATE 


CODE 


INACTIVE 1 ' 2 






it 



Q 



STATE CODE 



H 



<c: 



<2 



STATE 


CODE 


' 


L 



it 



Q 



STATE 


CODE 


DON'T CARE 


- 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate G n will be unconditionally inhibited if both the true and complement fuses of any input (I) are left intact. 

VIRGIN STATE 

The PLS103 virgin device is factory shipped 
in an unprogrammed state, with all fuses 
intact, such that: 

1. All P n terms are disabled (inactive). 

2. All P n terms are active on all outputs. 

3. All outputs are Active-Low. 
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Product Specification 



Field-Programmable Gate 
Array (16 X 9 X 9) 



PLS103 



FPGA PROGRAM TABLE 



CUSTOMER NAME 



PURCHASE ORDER # 

SIGNETICS DEVICE* 

TOTAL NUMBER OF PARTS 
PROGRAM TABLE n 



F 


(18) 


F, 


(17) 


F 2 


(16) 


F 3 (15) 


F 4 


(13) 


F 5 


(12) 


F 6 


(11) 


F 7 


(10) 


F 8 


(9) 



THIS PORTION TO BE COMPLETED BY SiGNETICS 

CF (XXXX) . 

CUSTOMER SYMBOLIZED PART it 

DATE RECEIVED 

COMMENTS , 



GATE 


INPUT 


POLARITY 


'* 


1 
u 


'« 


',2 


I 


' 10 


>9 


<8 


I, 


'e 


' 5 


'4 


1, 


'2 


1, 


'o 


F o 




































F 




































F 2 




































F 3 




































F 

4 




































F 5 




































F 6 




































F 7 




































F 8 




































PIN 
NO. 


2 




2 

1 


2 
2 


2 

3 


2 

4 


2 

5 


2 

6 


2 

7 


1 


2 


3 


4 


5 


6 


7 


8 


VARIABLE 
NAME 


































NOTES: 

1. The FPGA is shipped with all links intact. Thus a background of 
entries corresponding to states of virgin links exists in the table, 
shown BLANK ior ciarify. 

2. Unused Inputs are normally programmed Don't Care ( — ). 


PROGRAM TABLE ENTRIES 


AND 


i CONTROL 












INACTIVE 





1 ' H 


j 1 HIGH H | 


1 


• L 


i j LOW ' L | 


Don't Care 


• — 






















0) 


-j - 


(PUL. 
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DESCRIPTION 

The PLS105 is a bipolar programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 6 Qp, and 8 Qp edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. All flip-flops are 
unconditionally preset to "1" during 
power turn on. 

The AND array combines 16 external 
inputs l _ 15 with six internal inputs 
Po - 5. which are fed back from the State 
Registers to form up to 48 transition 
terms (AND terms). All transition terms 
can include True, False, or Don't Care 
states of the controlling variables, and 
are merged in the OR array to issue 
next-state and next-output commands to 
their respective registers on the Low-to- 
High transition of the Clock pulse. Both 
True and Complement transition terms 
can be generated by optional use of the 
internal input variable (C) from the Com- 
plement Array. Also, if desired, t he Pre- 
set inp ut can be converted to Output 
Enable function, as an additional user- 
programmable option. 

Order codes are contained on the pages 
following. 



FUNCTIONAL DIAGRAM 



PLS105 

Field-Programmable Logic 
Sequencer (16 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



FEATURES 
Field-Programmable (Ni-Cr link) 
16 input variables 
8 output functions 
48 transition terms 
6-bit State Register 
8-bit Output Register 
Transition Complement Array 
Positive edge-triggered clocked 
flip-flops 

Programmable Asynchronous 
Preset or Output Enable 
Power-on preset to all "1" of 
internal registers 
f MAX = 13.9MHz 

Power dissipation: 600mW (typ.) 
TTL compatible 
Single +5V supply 
Tri-state outputs 

APPLICATIONS 
Interface protocols 
Sequence detectors 
Peripheral controllers 
Timing generators 
Sequential circuits 
Elevator controllers 
Security locking systems 
Counters 
Shift registers 



PIN CONFIGURATIONS 



LOGIC TERMS 






r*>- 



KJ- 



o- 



3r- 



— -o 



-£>- 



-O- 




■OH 



-O- 



£-0 



T„ To 



-<r-n^ 







N Package 






clk(T 




25] v cc 


'7LX 




IE '8 


'6 [I 




m "9 


'sfT 




IU'10 


i 4 |T 




24] 111 


'3 [I 




ID'12 


i 2 |T 




22j '13 


hit 




11 '14 


•o[T 




20] '15 


F7Q0 




HJpR'OE 


F 6[U 




j3 F o 


F 5Qi 




IZl F i 


F4Q2 




3II F 2 


GND [14 




15] F 3 


N = Plastic 




CD0496.S 


A Package 




F 6 F 7 k> '1 ( 2 '3 U 

RRmmmmm 




'sE 


)3'» 


•ue 




3 1« 


QND[» 




3" 


f,E 


• 


TJclk 


^d 




«^cc 


F,r» 




E 1 ' 


f .E 




3'* 


A = Plastic 


WOE l,5 l,< l 13 l 12 I,, !,„ 

Leaded Chip Carrier 


CD04970S 



LOGIC FUNCTION 



Typical State Transition: 

02 01 QO ^ 
I 1 I J (s R J PRESENT STATE 


/ x 

STATE REGISTER A • B • C • . . . 


1 1 1 1 I f S n»i) NEXT STATE 


SET Q„: S = (Qj • Q, • "Q ) -A" •? • C . . . 

R =0 

RESET Q,: S, = 

R^fQj'Qi'Qol'A'B'C ... 

HOLD Q 2 : S 2 = 
R 2 = 

TB00900S 
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Product Specification 



Field-Programmable Logic Sequencer (16 x 48 x 8) 
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PIN DESCRIPTION 






PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 

2-8 
20-27 

9 

10-13 
15-18 

19 


CK 

•l — 15 

lo 

F -7 

PR/OE 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 

Logic Inputs: The 15 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. 

Logic/Diagnostic Input: A 1 6th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When lo is held at + 10V, device outputs F _ 5 reflect 
the contents of State Register bits Po - 5. The contents of each Output Register remains 
unaltered. 

Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of 
Output Register bits Q0-7, when enabled. When lo is held at +10V, F _5 = (P0-5), and 
F 6 , 7 = Logic "1". 


Active-High 
Active-High/Low 
Active-High/Low 

Active-High 

Active-High (H) 

Active-Low (L) 


Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
bits. Preset overrides Clock, and when heid High, clocking is inhibited and Fo_7 are 
High. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after Preset goes Low. 


• Output Enable: Provides an Output Enable function to all output buffers Fo _ 7 from the 
Output Register. 



TRUTH TABLE 1 ■ 2 - * 4 - * 6 





OPTION 








p. 


r\ 




v cc 






'0 


\*w\ 


»J 


F 




PR 


OE 
















H I 




X 


X 


X 


H 


H 




<- I 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 




L ^M 


* 


X 


X 


X 


Qn 


(Qp)n 


^■h 




X 


X 


X 


Qn 


Hi-Z 


+ 5V 


1 L 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 




■ 


L 


X 


X 


X 


X 


Qn 


(Q F )n 


L 


X 


t 


L 


L 


Qn 


(Q F )n 






X 


t 


L 


H 


L 


L 




^S L 


X 


t 


H 


L 


H 


H 




II ' 


X 


T 


H 


H 


IND. 


IND. 


t 


X 


X 


X 


X 


X 


X 


^^^^1 



NOTES: 

1. Positive Logic: 

S/R-To + T-, +T 2 + ... +T47 
T n = C(l I1 l 2 ...) (Po P1-.P5) 



2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user-programmable option. 

3. T denotes transition from Low to High level. 

4. R = S = High is an illegal input condition. 

5. * = H/L/+10V 

6. X = Don't Care ( < 5.5V) 



VIRGIN STATE 

A factory shipped virgin device contains ail 
fusible links intact, such that: 

1. PR/0"E option is set to PR. Thus, all 
outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
when using Signetics qualified program- 
ming equipment. 



Q 
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FPLS LOGIC DIAGRAM 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


28-pin Plastic DIP 600mil-wide 


PLS105N 


28-pin Plastic Leaded Chip Carrier 


PLS105A 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


iOUT 


Output currents 




+ 100 


mA 


T S TG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 

ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS 0°C<T A <75°C, 4.75V < v cc < 5.25V 







TEST CONDITIONS 


LIMITS 


UNIT 


SYMBOL KAKAMC 1 EM 

1 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
V|L 

Vic 


High 
Low 
Clamp 4 


V C c = Max | 2 
V C c = Min 
V C c = Min, liN = -12mA j 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
Ioh = -2mA 
•ol = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 
IlL 


High 
Low 
Low (CK input) 


V| N = 5.5V 
V| N = 0.45V 
V| N = 0.45V 




<1 
-10 
-50 


25 
-100 
-250 


ma 


Output current 


lo(OFF) 

los 


Hi-Z state 7 
Short circuit 4 ' 8 


V cc = Max 
V 0UT = 5.5V 
Vout = 0.45V 

Vout = 0V 


-15 


1 

-1 


40 
-40 
-70 


ma 

mA 


■cc 


V C c supply current 9 


Vcc = Max 




120 


180 


mA 


Capacitance 7 


C|N 

Cqut 


Input 
Output 


V cc = 5.0V 
V| N = 2.0V 
Vqut = 2.0V 




8 

10 




PF 



See Notes on following page. 
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NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at V C c = 5V, T A = +25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vm applied to OE and a logic high stored, or with V| H applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and V| L applied to PR/OE Output sink current is supplied through a resistor 
to V C c- 

7. Measured with Vm applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 

AC ELECTRICAL CHARACTERISTICS R 1 =470£2, R 2 = 1kft, C L = 30pF, 0°C<T A <+75°C, 4.75V < V CC < 5.25V 











LIMITS 




SYMBOL 


PARAMETER 


TO 


FROM 


Min 


Typ 1 


Max 


UNIT 


Pulse width 


tCKH 


Clock 2 high 


CK- 


CK + 


25 


15 






tCKL 


Clock low 


CK + 


CK- 


25 


15 






tCKPlB 


Period (without Complement Array) 


CK + 


CK + 


80 


40 






tCKP2B 


Period (with Complement Array) 


CK + 


CK + 


120 


60 






tpRH 


Preset pulse 


PR- 


PR + 


25 


15 






Setup time 3 


tisiA 


Input 


CK + 


Input + 


60 








tisiB 


Input 


CK + 


Input ± 


50 








tisiC 


Input 


CK + 


Input ± 


42 








t|S2A 


Input (through Complement Array) 


CK + 


Input ± 


90 






ns 


tissB 


Input (through Complement Array) 


CK + 


Input 


80 








t|S2C 


Input (through Complement Array) 


CK + 


Input 


72 








tvs 


Power-on preset 


CK- 


Vcc + 





-10 






tpRS 


Preset 


CK- 


PR- 





-10 






Hold time 


t|H 


Input 


Input ± 


CK + 


5 


-10 




ns 


Propagation delay 


tCKO 


Clock 


Output ± 


CK + 




15 


30 




tOE 


Output enable 


Output - 


OE- 




20 


30 




tOD 


Output disable 


Output + 


OE + 




20 


30 


ns 


tpR 


Preset 


Output + 


PR + 




18 


30 




tpPR 


Power-on preset 


Output + 


Vcc + 







10 




Frequency of operation 3 


fMAxC 


Without Complement Array 










13.9 


MHz 


fMAxC 


With Complement Array 










9.8 





NOTES: 

1 . All typical values are at V C c = 5V, T A = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% 

3. See "Speed vs. OR Loading" diagrams. 



90%) < 30ns. 
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TIMING DIAGRAMS 



TIMING DEFINITIONS 



^3£ 



DC 



■ t ih — »4-» — ' is 



*/ V 5v / 



«CKH »-|-« — 'CKL- 

'CKP 



1.5 V 



z 



VOH 
VOL 



\ I 



Sequential Mode 



'0-15 — ' ^ 



[--'CKH » « 'CKL-^I 



*- ' IS -►U'CKO*' 



FO-7 



)C7 

U*PR»j 
SV -J- 1.5V -J 



\ 



Asynchronous Preset 



, VOH 



VOL 
+3V 



VCC 



Fq-7 




— — — Vqh 



1 5vV [F n +i| 



U'CKO*- 



CLK ' 'I 



1a_ 



~^fz — 3 



Power-On Preset 



t-CKH 
tCKL 
l CKP1 

t|S1 



tCKP2 



t|S2 



tvs 



tpRS 



t|H 



tCKO 



tOE 



t<DD 



*SRE 



tSRD 



tpR 



tpPR 



tpRH 
f MAX 



Width of input clock pulse. 
Interval between clock pulses. 
Clock period -when not using 
Complement Array. 
Required delay between beginning 
of valid input and positive transition 
of Clock. 

Clock period - when using Comple- 
ment Array. 

Required delay between beginning 
of valid input and positive transition 
of Clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND Array). 
Required delay between Vcc (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of Asynchronous Preset 
and negative transition of Clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when outputs become 
valid (with PR/OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input lo transition to 
Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input io transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 



-IX 



IX 



t 8.0V 



i K 



h — 'is — "*H — 'ckh —r*\ 



INTERNAL — — , • 

STATE REG 
Q 0-5 



H'CKOH 



Diagnostic Mode 



ov 

+ 10V 
+ 3V 
0V 



' v f 



| <Ps> | jT | < N s> | 



[* — f SRE-»- |-»— 'SRD-«J 

v — W^mv0m — W^JMa J 0H 



"""■ 



TEST LOAD CIRCUIT 



VOLTAGE WAVEFORM 



•o 


vcc 

OUT 




FO 


1 
1 
1 


'15 










CK 


GND 


PR 


im. 


*-^3 



T 



1 

I 



"=" (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 




WF0539OS 

MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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SPEED VS. "OR" LOADING 



The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 

/fMAx) = *CY = t|S + tcKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1 , showing the variation of tisi with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
three limits for the parameters tisi and t|S2- 
The first, tisiA is guaranteed for a device 
with 48 terms connected to any OR line. 
tisiB is guaranteed for a device with 32 
terms connected to any OR line. And tisic 
is guaranteed for a device with 24 terms 
connected to any OR line. 



1 ! "K 1 ^ 7 

1 1 Xl>^ tlBlA 


ilsiC jri. 




1 JS 




^ 







TERMS CONNECTED/OR 



Figure 1. t| S1 vs. Terms/OR 
Connected 



the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 

Wore that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 



The three other entries in the AC table, t|S2 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 

The worst case tis for a given application 
can be determined by identifying the OR 
line with the maximum number of t n con- 
nections. This can be done by referring to 



TRANSITION TERMS T n 



ooooooo. 

O 



w 



4+4 



Figure 2. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this Table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION -(P/E) 



HZta>- E=1 



OPTION 


CODE 


PRESET 1 


H 



-cc=o- B 



OPTION 


CODE 


5E 


L 



PROGRAMMING THE PLS105: 

The PLS105 has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



< — i* 






q 



STATE 


CODE 


INACTIVE 1 ' 2 


O 



*r~: 



q 



STATE 


CODE 


I, P 


H 






q 





LSO1830S 


STATE 


! CODE 


I, P 


J L 



l,PO- 



< 



q 



STATE 


CODE 


DON'T CARE 


- 



"OR" ARRAY -(N), (F) 



■D- 



ACTION 


CODE 


INACTIVE 1 ' 3 


O 






ACTION 


CODE 


SET 


H 



■D- 
■D- 



ACTION 


CODE 


RESET 


L 






ACTION 


CODE 


NO CHANGE 


- 



"COMPLEMENT" ARRAY -(C) 







<* 



ACTION 


CODE 


INACTIVE 1 ' 4 






1 — d 



I 



ACTION 


CODE 


GENERATE 


A 







1 — d 



ACTION 


CODE 


PROPAGATE 


• 







■— o 



ACTION 


CODE 


TRANSPARENT 


- 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement fuses of any input (l,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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FPLS PROGRAM TABLE 



PROGRAM TABLE ENTRIES 



CUSTOMER NAME 

PURCHASE ORDER* 

SIGNETiCS DEVICE* 

CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE 

REV 

DATE 



CF (XXXX) 



AND 



INACTIVE j 


GENERATE j A 


PROPAGATE j • 


TRANSPARENT { — 






INACTIVE i 




1, P 1 H 




1, P II 




DON'T CARE [ — 





■A- 



OR 



INACTIVE ■ 



I t 



NO CHANGE — 



OPTION 



i 



1T1T1 fi"Ii [il_ 

S 4 3 2 j 1 9 8TtT 



w 



■Hj 



PRESENT STATE (Ps) 

"sT «"T3T2TT[F 



NEXT STATE (Nt) 

JTTTj[TjfTjT"o 



OUTPUT (Fr) 



I— t" 



-r-^ 



-g~T 



i— r 



1? , 



-4— M 



-24. 



25 
"58" 



■+— f 



i I I 



_2i_ 



_30_ 



I ' ■ ' 



i i I i 



3H 



i ■ I 



■4-4- 



i— r 



! I I 



I ' I 



NO. 



<1 



2 ' 2 | 
5 ! 6 
— I 1- 



1 1 1 
1 2 



111 

5 6 j 7 



NOTES: 

1. The FPLS Is shipped with ai! links initially intact. "I" h us, a background of "D" for a" Term; 

2. Unused Cn Im, and Ps bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmed. 



-, "H" fry the P/E option, exits in the table : shown BLANK instead for clarity. 
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TEST ARRAY 



The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
I0-15 as shown in the test circuit timing dia- 
gram. 



<'n ■ FnKFn 




<'n +F n> /F n 



(' ' F n> /F n 



On +F nV F n 

AF01820S 



State Diagram 




FPLS Under Test 



TEST ARRAY PROGRAM 
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L 


I 


L 
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Test Array Program 



Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 




— — — HIGH 



Test Circuit Timing Diagram 



TEST ARRAY DELETED 
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Test Array Deleted 
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DESCRIPTION 

The PLS105A is a bipolar programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 6 Q p , and 8 Qf edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. All flip-flops are 
unconditionally preset to "1" during 
power turn on. 

The AND array combines 16 external 
inputs Iq- 15 with 6 internal inputs P0-5, 
which are fed back from the State Regis- 
ters to form up to 48 Transition terms 
(AND terms). All Transition terms can 
include True, False, or Don't Care states 
of the controlling variables, and are 
merged in the OR array to issue next- 
state and next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. Both True 
and Complement Transition terms can 
be generated by optional use of the 
internal input variable (C) from the Com- 
plement Array. Also, if desired, the Pre- 
set input can be converted to Output- 
Enable function, as an additional user 
programmable option. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 



PLS105A 

Field-Programmable Logic 
Sequencer (16 X 48 X 8) 

Signetics Programmable Logic 
Product Specification 



FEATURES 

• Field-Programmable (Ni-Cr link) 

• 16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked 
flip-flops 

• Programmable Asynchronous 
Preset or Output Enable 

• Power-on preset to all "1" of 
internal registers 

• f MAX = 20MHz 

• Power dissipation: 600mW (typ.) 

• TTL compatible 

• Single +5V supply 

• Tri-state outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security locking systems 

• Counters 

• Shift registers 



PIN CONFIGURATIONS 
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LOGIC FUNCTION 



LOGIC TERMS 



'"D-^t 



Q PR/51 




Typical State 


Transition: 


02 Q1 Q0 
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STATE REGISTER 


| (s R ) PRESENT STATE 


1 A"«¥« C • . . . 
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PLS105A 



PIN DESCRIPTION 






PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 


CK 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 


Active-High 


2-8 


h - 15 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions 


Active-High/Low 


20-27 




between machine states, as determined by a given logic sequence. 




9 


lo 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When l is held at + 10V, device outputs Fo_5 reflect 
the contents of State Register bits Po _ 5. The contents of each Output Register remains 
unaltered. 


Active-High/Low 


10-13 


F -7 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of 


Active-High 


15-18 




Output Register bits Q0-7, when enabled. When l is held at +10V, F _5 = (P0-5), and 




19 


PR/OE 


F 6 , 7 = Logic "1". 




Preset or Output Enable Input: A user programmable function: 






. Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 


Active-High (H) 






bits. Preset overrides Clock, and when held High, clocking is inhibited and F _7 are 








High. Normal clocking resumes with the first full clock pulse following a High-to-Low 








clock transition, after Preset goes Low. 


Active- Low (L) 


• Output Enable: Provides an output enable function to buffers F _ 7 from the Output 






Register. 





TRUTH TABLE 


1, 2, 3, 4, 5 


, 6 














OPTION 














v cc 


PR 1 OE 


'o 


CK 


s 


R 


Qp/f 


F 




■ 




X 


X 


X 


H 


H 




^^^| 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 




^^^| 


x 


X 


X 


X 


Qn 


(Q F )n 


^M~^ 




X 


X 


X 


Qn 


Hi-Z 


+ 5V ■ ■ 


+ 10V 


X 


X 


X 


Qn 


(Qp)n 


^^H 


L 


X 


X 


X 


X 


Qn 


(Q F )n 


1 


L 


X 


r 


L 


L 


Qn 


(QF)n 


^H l 


X 


T 


L 


H 


L 


L 


■ L 


X 


T 


H 


L 


H 


H 


■ ■ ' 


X 


t 


H 


H 


IND. 


IND. 


T 


X 


X 


X 


X 


X 


X 


^^^H 



NOTES: 

1. Positive Logic: 

S/R = T + T, + T 2 + ... + T 47 
T n = C(l I1 l 2 -) (Po P1-P5) 



2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user--prog«m«able option, 

3. t denotes transition from Low to High level. 

4. R = S = High is an illegal input condition. 

5. * = H/L/+10V 

6. X = Don't Care ( < 5.5V) 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
when using any of Signetics' qualified 
programming equipment. 
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FPLS LOGIC DIAGRAM 



-(LOGIC TERMS -T)- 
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NOTES: 

1. All AND gate inputs with a blown link float to a logic "1". 

2. All OR gate inputs with a blown fuse float to logic "0". 

3. II PnoorammablB connoc*on.§ 



JialpR/Se 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


28-pin Plastic DIP 600mil-wide 


PLS105AN 


28-pin Plastic Leaded Chip Carrier 


PLS105AA 



ABSOLUTE MAXIMUM RATINGS 1 



SYMBOL 


PARAMETER 


RATING 


UNIT 


Min 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


VOUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


Iout 


Output currents 




+ 100 


mA 


TsTG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



DC ELECTRICAL CHARACTERISTICS o°C < T A < 75°c, 4.75V < v cc < 5.25V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
VlL 
Vic 


High 
Low 
Clamp 4 


V cc = Max 

Vcc = Min 

Vcc = Min, liN = -12mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


V H 

Vol 


High 5 
Low 6 


Vcc = Min 
l H = -2mA 
Iol = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 
IlL 


High 
Low 
Low (CK input) 


V| N = 5.5V 
V| N = 0.45V 
V, N = 0.45V 




< 1 
-10 
-50 


25 
-100 
-250 


ma 


Output current 


'O(OFF) 

•os 


Hi-Z state 7 
Short circuit 4 ' 8 


V C c = Max 
V OU T = 5.5V 
Vqut = 0.45V - — 




1 

--,.\ 


40 

— -40 

-70 


HA 
mA 


V UT = 0V 


-15 




Ice 


Vcc supply current 9 


V C c = Max 




120 


180 


mA 


Capacitance 7 


C|N 
CoUT 


Input 
Output 


V c c = 5.0V 
V| N = 2.0V 
V OU T = 2.0V 




8 
10 




pF 



See Notes on following page. 
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NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Vqg = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 



5. Measured with V| L applied to OE and a logic high stored, or with V !H applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and V||_ applied to PR/OE Output sink current is supplied through a resistor 
to Vcc- 

7. Measured with V !H applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 

AC ELECTRICAL CHARACTERISTICS R 1 =470f2, R 2 = 1kJ2, C L = 30pF, 0°C < T A < + 75°C, 4.75V < V CC < 5.25V 



SYMBOL 


PARAMETERS 


TO 


FROM 


LIMITS 


UNIT 


Min 


Typ 1 


Max 


Pulse width 


*CKH 

tCKL 

*CKPlB 

tCKP2 B 

tpRH 


Clock 2 high 

Clock low 

Period (without Complement Array) 

Period (with Complement Array) 

Preset pulse 


CK- 
CK + 
CK + 
CK + 

PR- 


CK + 
CK- 
CK + 
CK + 

PR + 


25 
25 
50 
80 

25 


15 
15 
40 
50 
15 




ns 


Setup time 3 


tisiA 
tisiB 

*IS2A 

+.-_□ 

tvs 

tpRS 


Input 

Input 

Input (through Complement Array) 

!n"ut 'through Com n !ement Arra>^ 

Power-on preset 

Preset 


CK + 
CK + 
CK + 
CK + 
CK- 
CK- 


Input ± 

Input ± 

Input ± 

Innut 

Vcc + 
PR- 


40 
30 
70 
60 




-10 
-10 




ns 


Hold time 


t| H j Input 


Input ± 


CK + 


5 


-10 


| ns 


Propagation delay 


tCKO 

tOE 

k)D 

iPR 

tpPR 


Clock 

Output enable 
Output disable 
Preset 
Power-on preset 


Output ± 
Output - 
Output + 

r>i .♦«. .+ -i- 

Output + 


CK + 
OE- 
OE + 
PR + 
Vcc + 




15 
20 
20 
18 



20 
30 
30 
30 
10 


ns 


Frequency of operation 


<MAXB 
fMAxB 


Without Complement Array 
With Complement Array 










20 
12.5 


MHz 



NOTES: 

1. All typical values are at V C c = 5V, T A = +25°C. 

2. To prevent spurious clocking, clock rise time (10% 

3. See "Speed vs. OR Loading" diagrams. 



B 



■90%) < 30ns. 
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TIMING DIAGRAMS 



D( 
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r*-'CKH ► ■ 'ckl-*^ 



, VOH 



vol 

+3V 



I 



U-'PPR-^I 



------ VOH 



l.SvV (P n +l! 



■•'CKO*- 



CLK — — — — — — — — — _'| 



■ ' CKH — »- 



X 






pr. 



is — H-*— ' ih —- 



Power-On Preset 



tCKL 
tcKP 

t|S1 



tcKP2 



t|S2 



tvs 



tpRS 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

Interval between clock pulses. 
Clock period — when not using 
Complement Array. 
Required delay between beginning 
of valid input and positive transition 
of Clock. 

Clock period — when using Com- 
plement Array. 

Required delay between beginning 
of valid Input and positive transition 
of Clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND Array). 
Required delay between Vcc (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of Asynchronous Preset 
and negative transition of Clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 

Delay between positive transition of 
Clock and when Outputs become 
valid (with PR/OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input lo transition to 
Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input lo transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vqc (after power- 
on) and when Outputs become jrej; 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 



t|H 



tcKO 



tOE 



*OD 



tSRE 



tsRD 



tpR 



tpPR 



tpRH 
fMAX 
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TIMING DIAGRAMS (Continued) 



-DC 



/- 8.0V 
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vol 



Diagnostic Mode 



TEST LOAD CIRCUIT 



k> v cc 



FO 



CK GND PR/5E 



T 



Th 



•=- ■=■ (INCLUDES 

SCOPE AND JIG 
CAPACITANCE) 



VOLTAGE WAVEFORM 




►ISnsL t r t, ,. 




0V 



F 



: l« -|5ns|* 



WF05390S 

MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level 
of inputs and outputs, unless otherwise specified. 

input Pulses 
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SPEED VS. "OR" LOADING 



The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by. 

(1 /fMAx) = tcY = tis + tCKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1 , showing the variation of tisi with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
two limits for the parameters t^i and tis2- 
The first, tisiA is guaranteed for a device 
with 24 terms connected to any OR line. 
tisiB 's guaranteed for a device with 16 
terms connected to any OR line. 



The two other entries in the AC table, t|S2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
array. 





I 






tisiA 






*1S 


L>^ 






















i 













TERMS CONNECTED/OR 

OP01251S 

Figure 1. t| S i vs. Terms/OR 
Connected 



the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 



The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con- 
nections. This can be done by referring to 



0000000^ 

■D 



Figure 2. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table of the following page. 

In this Table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION -(P/E) 



OPTION 


CODE 


PRESET 1 


H 



OPTION 


CODE 


OE 


L 



PROGRAMMING THE PLS105A: 

The PLS1 05A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



<c. 



s> 



I STATE 


CODE 


j INACTIVE 12 






iC 



s> 



iC. 



S> 



STATE 


CODE 


1, P 


H 



1 STATE 1 CODE 


IQ. 



tf 



q 



STATE 


CODE 


DON'T CARE 


- 



"OR" ARRAY -(N), (F) 



1^ 



ACTION 


CODE 1 


INACTIVE 1 ' 3 


O 1 








LS01900S 


ACTION 


CODE 


SET 


H 






ACTION 


CODE 


RESET 


L 



■D- 





LS01880S 


ACTION 


CODE 


NO CHANGE 


" 



"COMPLEMENT" ARRAY -(C) 







>— a- 







ACTION 


CODE 


INACTIVE 1 ' 4 






ACTION 


CODE 


GENERATE 


A 



r-~> 



L -<1 







ACTION 


CODE 


PROPAGATE 


• 







•—a 



ACTION 


CODE 


TRANSPARENT 


- 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T n . 

2. Any gate T n will be unconditionally inhibited if both the true and complement fuses of any input (l,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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FPLS PROGRAM TABLE 



PROGRAM TABLE ENTRIES 



CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE* 

CUSTOMER SYMBOLIZED PARTt 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE 

REV 

DATE 



CF (XXXX) 



AND 



INACTIVE j 


GENERATE j A 


PROPAGATE j • 


TRANSPARENT j — 



■+■ 



OR 



INACTIVE i 



DON'T CARE ! - 



INACTIVE I 



NO CHANGE | - 



OPTION 



AND 



INPUT (Im) 

TTTTTrrirr - " 

543 2i i o sTbT/t «rsr«T3T2nTo 



^ 



ip 



PRESENT STATE (Ps) 

'sT«"T"iTT[TT"o 



4 



NEXT STATE (Ni) 

, r[r['3Tr["rn)" 



5 



OUTPUT (FO 

6T r r j T 3 T 2 T 1 T°' 



55 



i \ • 



T 



__£. 



~S~T 



JE 



i— r 



-r~>- 



t-r 



_LL 



-fi- 



-i — h 



-r-1- 



-3*. 



"2T 



-t— i — r 



"I — '—I — r 



-&L 



_30_ 



~3T 



-r— r 



~ST 



i— t- 



I I \ 



-M- 



rq=r 



3E 



r-4- 



44 



-t-t- 



T~r 



PIN 
NO. 



2 2 

a 1 



<i 



1:1 1 : 1 | 1 1 
2 3 5 S I 7 8 



1. The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the P/E option, exits in the table, shown BLANK instead for clarity. 

2. Unsed C n , l m , and P s bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 



The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
I0.15 as shown in the test circuit timing dia- 
gram. 



OnF„)/F„ 




(i • W 



(l n +F n )/F n 



State Diagram 




TC01587S 

FPLS Under Test 



TEST ARRAY PROGRAM 


















OPTION (P/E) | H 


| AND 




OR 


E ; 
M ! c 


1 

5 


4 j 3 


2 I 1 i 


1 

9] 8 Ft" 


NPU 
6 


T(lm) 

5 I 4 ] 3 [ 2 


i|o 


PR 
S 


ESENT 

4 j 3 


5TATE (Pi) 

2 Mo 


NEXT STATE (N«) 

sT4 3 2 1 To 


OUTPUT (Fr) 

7 | 6 | 5 | 4 f 3 2 


l|o 


48 j A 


M 


H 1 H 


H 1 H 1 H 


H j H J H 


H 


H ! H | H ] H 


H ]H_. 


H 


H |h 


H |h |h 


M 


L 


L 


L 


L 


L 


L 


L I L 


L 


L 


M 


49 J • 


I 


L 1 1- 


L 11 L lL IL |L 


L 


LULL 


M 


L 


L ) L 


L L L 


H | H 


H 


H 


H 


H 


H 


H 


H [ H 


H 


H 1 H [ H 



Test Array Program 



Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 




1.5V -t- 



— — — HIGH 



Test Circuit Timing Diagram 



TEST ARRAY DELETED 







AND 


E 
R 
M 


C 


1 
S 


1 

4 


1 
3 


1 

2 


1 
1 


1 



s 


8 


7 


INP 
6 


UT( 
S 


m) 

4 


3 


2|1 


| PRESE 

ols [4 


NT STA1 


red 
1 


»«) 



48 


- 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


M |h 


H ! H |h 


H 


H 


H 


H 


49 


• 


L 


L 


L 


L 


L 


L 


I 


I 


L 


L 


L 


L 


L 


L L 


1 Ml 


L 


L 


L 


L 



OPTION (P'E) |h 


OR 


NEXT STATE (N») 


OUTPUT (Fi) 


5 


4 


3 2 


10 


71V 


5 


4 


3 


21 





























"- 


-- 


1 


— 






-- 





Test Array Deleted 
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DESCRIPTION 

The PLUS405A is a bipolar, programma- 
ble state machine of the Mealy type. 
Both the AND and the OR array are user 
programmable. All 64 AND gates are 
connected to the 16 external dedicated 
inputs (I0-I15) and to the feedback 
paths of the 8 on-chip State Registers 
(Qpo - Qp7). Both true and complement 
transition terms can be generated via 
optional use of the two internal Comple- 
ment Arrays (input variables Co, C-|). 

All transition terms can include True, 
False and Don't Care states of the 
controlling state variables. All AND 
gates are merged into the programma- 
ble OR array to issue the next-state and 
next-output commands to their respec- 
tive registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any 
or all of the State and Output Registers. 

All state (Qp -Qp7) and output 
(Qfo - Qf7) registers are edge-triggered, 
clocked J-K flip-flops, with Asynchro- 
nous Preset and Reset options. The 
PLUS405A architecture provides the 
added flexibility of the J-K toggle func- 
tion which is indeterminate on S-R flip- 
flops. Each register may be individually 
programmed such that a specific Preset- 
Reset pattern is initialized when the 
initialization pin is raised to a logic level 
"1". (Note: Upon power-up, all registers 
are unconditionally preset to "1"). If 
desired, the initialization input pin (INIT) 
can "be converted to ah Output Enable 
(OE) function as an additional user pro- 
grammable feature. 

Availability of two user programmable 
clocks allows the user to design an 
independent counter or state machine 
function that can be used to control the 
bank of output registers. 

Order codes are contained on the pages 
following. 



FEATURES 

• Field-Programmable (Ti-W fusible 
link) 

• 16 input variables 

• 8 output functions 

• 64 transition terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 Transition complement array 
term 

• Multiple clocks 

• Programmable A synchronous 
Preset/Reset or Output Enable 

• Power-on preset to "1" of 
registers 

• fMAX = 40MHz 

• 950mW power dissipation (typ.) 

• TTL compatible 

• J-K or S-R flip-flop functions 

• Tri-state outputs 

• Functional superset of PLS105/ 
105A 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security locking systems 

• Counters 

• Shift registers 



PIN CONFIGURATIONS 



LOGIC FUNCTION 


Typical State Transition: 


02 01 00 




|.|,|.| 


(S R ) PRESENT STATE 
"a»"b • c • . . . 


/ 

STATE REGISTER 


\ 


(S n ,i\ NEXT STATE 

• Qo) •A'. ?• C . . . 


| | | 1 j 


SET Q„: S = (O, • Q 


R„ = 




RESET Q,: S, = 


0, • o ) «"A •"§"• C . . . 


HOLD Q 2 : S 2 = 




R 2 = 






TB00900S 



N Package 



clk(T 

ig/cLK rr 

iE 

.LI 
sE 
-E 
.E 
F7H 
FeLn 
F5QI 

F4[n 

GNDfu 



m i 9 

HI'io 

HP12 

U'l3 
EI '14 
Ml'lS 
UlNIT/Cl 

TfjF, 

3H F 2 
1HF3 



NOTE: 

N = Plastic 



F 5 E 

F4Q3 

GND[»r 

F 3 E 

F 2 LI« 

F,t» 



A Package 

F 6 F 7 '0 H '2 '3 



\ 



WBWWWE1H 



NOTE: 

A = Plastic Leaded Chip Carrier 



3 '6/CLK 

3" 

TlCLK 

gv cc 

£]'8 
3 '9 
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PIN DESCRIPTION 



PIN NO. 


SYMBOL 


NAME AND FUNCTION 


POLARITY 


1 


CK 


Clock: The Clock input to the State and Output Registers. A Low-to-High 


Active - 






transition on this line is necessary to update the contents of both registers. 


High 
(H) 


2, 4-9, 


'0-I5. I7 


Logic Inputs: The 11 external inputs to the AND array used to program jump 


Active - 


26-27 


Ib-Iq 


conditions between machine states, as determined by a given logic sequence. 


High/Low 


21-22 


Il3-'l4 




(H/L) 


3 


l 6 /CK 


Logic Input/Clock: A user programmable function: 








• Logic Input: A 12th external logic input to the AND array, as above. 


Active - 

High/Low 

(H/L) 






• Clock: A 2nd clock for the State Registers, as above. The Output Registers 


Active - 






continue to be clocked off of Pin 1. if two separate State Machines are 


High 






designed, setup and hold times must be adhered to in order to synchronize both 


(H) 






banks of registers. Note that input buffer l 6 must be deleted from the AND array 








(i.e. all fuse locations "Don't Care") when using Pin 3 as a Clock. 




20 


115 


High Fan-Out Logic Input: A 13th external logic input to the AND array, as 


Active - 


! 




above. I^ is capable of pulling down all 64 Product Terms by itself. 


High/ Low 
(H/L) 


23 


Il2 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, 


Active - 






when exercising standard TTL levels. When l-| 2 is held at +10V, device outputs 


High/Low 


i 


F - F 7 reflect the contents of State Register bits P - P 7 . The contents of each 


(H/L) 


I 


Output Register remains unaltered. 




24 In 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, 


Active - 


i | 


when exercising standard TTL levels. When l^ is held at +10V, device outputs 


High /Low 


i ! 


F - F 7 become direct inputs for State Register bits Po - P 7 ; a Low-to-High 


(H/L) 






transition on the appropriate clock line loads the values on pins F -F 7 into the 




I 




State Register bits Po-P 7 . The contents of each Output Register remains 








unaltered. 




25 


I10 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, 


Active - 






when exercising standard TTL levels. When l 10 is held at +10V, device outputs 


High/Low 






Fo-F 7 become direct inputs for Output Register bits Qo-Q 7 ; a Low-to-High 


(H/L) 






transition on the appropriate clock line loads the values on pins Fo-F 7 into the 








Output Register bits Qo-Q 7 . The contents of each State Register remains 








unaltered. 




10-13 


F -F 7 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs 


Active - 


15-18 




which normally reflect the contents of Output Register Bits Qo-Q 7 , when 


High 






enabled. When l 12 is held at +10V, F - F 7 = (P - P 7 ). When In is held at +10V, 


(H) 






Fo-F 7 become inputs to State Register bits Po-P 7 - When l 10 IS ne| d at +10V, 




19 


INIT/OE 


Fo-F 7 become inputs to Output Register bits Qo-Q 7 . 




Initialization or Output Enable Input: 






A user programmable function: 








• Initialization: Provides an asynchronous preset to logic "1" or reset to logic 


Active - 






"0" of all State and Output Register bits, determined individually for each register 


High 






bit through user programming. INIT overrides Clock, and when held HIGH, 


(H) 






clocking is inhibited and Fo-F 7 are in their initialization state. Normal clocking 








resumes with the first full clock pulse following a High-to-Low clock transition, 








after INIT goes low. 








■ Output Enable: Provides an output enable function to buffers F - F 7 from the 


Active - 






Output Registers. 


Low 
(L) 
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TRUTH TABLE 1 ' 


2, 3, 4, 5 


, 6, 7 




















OPTION 




















V cc 


INIT 


OE 


I10 


In 


'12 


CK 


J 


K 


Qp 


Qf 


F 




H 






* 


* 


X 


X 


X 


H/L 


H/L 


Qf 




■ 


+ 10V 


X 


X 


t 


X 


X 


Qp 


L 


L 9 




^^^H 


+ 10V 


X 


X 


t 


X 


X 


Qp 


H 


H 9 




^^^H 


x 


+ 10V 


X 


t 


X 


X 


L 


Qf 


L 9 




^^^1 


x 


+ 10V 


X 


t 


X 


X 


H 


Qf 


H 9 




^^^H 


x 


X 


+ 10V 


X 


X 


X 


Qp 


Qf 


Qp 




^^^| 


x 


X 


X 


X 


X 


X 


Qp 


Qf 


Qf 


■ H 


X 


X 


* 


X 


X 


X 


Qp 


Qf 


Hi-Z 


- 1 1 X x 


+ 10V 


X 


X 


T 


X 


X 


Qp 


L 


L 9 


+ 10V 


X 


X 


t 


X 


X 


Qp 


H 


H 9 


^H x 


X 


+ 10V 


X 


t 


X 


X 


L 


Qf 


L 9 


II x 


X 


+ 10V 


X 


T 


X 


X 


H 


Qf 


H 9 


I L 


X 


X 


+ 10V 


X 


X 


X 


Qp 


Qf 


Qp 




L 


X 


X 


X 


X 


X 


X 


Qp 


Qf 


Qf 


^^^i 


L 


X 


X 


X 


T 


L 


L 


Qp 


Qf 


Qf 


^H L 


X 


X 


X 


t 


L 


H 


L 


L 


L 


■ L 


X 


X 


X 


t 


H 


L 


H 


H 


H 




X 


L 


X 


X 


X 


t 


H 


H 


Qp 


07 


Qf 


T 


X 


X 


X 


X 


X 


X 


X 


X 


X 


H 



NOTES: 

1. Positive Logic: 

S/R (or J/K) = T + T, + T 2 + ...T 63 

T n = (Co, C^Oo, h, l 2 ,...) (P , Pu-Pt) 

2. Either Initialization (Active - High) or Output Enable (Active -Low) are available, but not both. The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. * = H/L/+10V 

5. X = Don't Care ( < 5.5V) 

6. H/L implies that either a High or a Low can occur, depending upon user programmed selection (each State and Output Register individually programmable). 

7. When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are tri-stated and the indicated levels on the output pins are 
forced by the user. 

VIRGIN STATE 

A factory-shipped virgin device contains all 
fusible links intact, such that: 

1. INIT/OE option is set to INIT. In order to 
use the INIT function, the user must 
select either the PRESET or the RESET 
option for each flip-flop. Note that regard- 
less of the user programmed initialization, 
or even if the INIT function is not used, all 
registers are preset to "1" by the power- 

up procedure. - 

2. All transition terms are disabled (0). 

3. All S/R (or J/K) flip-flop inputs are dis- 
abled (0). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard 
test pattern. NOTE: The Test Array pat- 
tern must be deleted before incorporating 
a user program. 
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FUNCTIONAL DIAGRAM 



CBH£ 



>^T 



>-+ 






<J=L 



3* 



3* 



<Kn 










X8 

RorK < 

P R 



l/CK 

-a 



A^ 



- ) ^ - SorJ < 
-4>- RorK Q 



CK 

■a 



■*— a 



INTT/OE 

-a 
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FPLS LOGIC DIAGRAM 



I^CLKfTJ- 



tE — c 



-{iijjMnTOE 
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DETAILS FOR REGISTERS FOR PLUS405A 






































i 


— I 19 I INIT/dE 


( 






T 


I { 


I 




Detail A 




LD06880S 



STATE REGISTERS 



TO IN 
TO AND 
ARRAY 






\ |RorK 



h- 



Detail B 



OUTPUT REGISTERS 



-L> 



SorJ Q 
> Pre 

RorK Re 



1 



tt 



>-s 



Detail C 











!-— J> 


1 


-<h 










-.-<<l 




j 




^f^ ' 




1 








TC21120S 




Detail D 





B 
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ORDERING INFORMATION 



THERMAL RATINGS 



DESCRIPTION 


ORDER CODE 


28-Pin Plastic DIP 600mil-wide 


PLUS405AN 


28-Pin Plastic Leaded Chip Carrier 


PLUS405AA 



TEMPERATURE 


Maximum junction 


150°C 


Maximum ambient 


75°C 


Allowable thermal rise 
ambient to junction 


75°C 



ABSOLUTE MAXIMUM RATINGS 1 








SYMBOL 


PARAMETER 


RATING 


UNIT 


Mln 


Max 


Vcc 


Supply voltage 




+ 7 


Vdc 


V|N 


Input voltage 




+ 5.5 


Vdc 


V OUT 


Output voltage 




+ 5.5 


Vdc 


l|N 


Input currents 


-30 


+ 30 


mA 


'out 


Output currents 




+ 100 


mA 


Ta 

T STG 


Temperature range 
Operating 
Storage 



-65 


+ 75 
+ 150 


°C 



DC ELECTRICAL CHARACTERISTICS o°C < T A < + 75°C, 4.75 <V CC < 5.25V 







TEST CONDITIONS 


LIMITS 


UNIT 


SYMBOL rAnAiwc i ei-i 


Min 


Typ 2 


Max 


Input voltage 3 


V|H 
VlL 
V|C 


High 
Low 
Clamp 4 


Vcc = Max 

Vcc ~ Min 

Vcc = Win, l| N = -12mA 


2 


-0.8 


0.8 
-1.2 


V 


Output voltage 3 


Voh High 
Vol Low 


Vcc = Min 
l 0H = -2mA 
I l = 9.6mA 


2.4 


0.35 


0.45 


V 


Input current 


l|H 
IlL 
IlL 


High 
Low 
Low (CK input) 


V, N = 5.5V 
V| N = 0.45V 
V| N = 0.45V 




<1 
-10 
-50 


25 
-100 
-250 


ma 


Output current 


'O(OFF) 

los 


Hi-Z state 



Short circuit 4,5 


V C c = Max 
Vout = 5.5V 

Vout -0.45V 

Vout = 0V 


-15 


1 
-1 


40 
-40 
-70 


ma 

mA 


Ice 


Vcc supply current 6 


Vcc = Max 




190 


225 


mA 


Capacitance 


C|N 
CoUT 


Input 
Output 


Vcc = 5.0V 
V, N = 2.0V 
Vqut = 2.0V 




8 
10 




PF 



NOTES: 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not 
implied. 

2. All typical values are at V C c = 5V, T A = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Duration of short circuit should not exceed 1 second. 

6. l C c is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R 1 =470n, R 2 = 1kft, C L = 30pF, 0°C<T A <+75°C, 4.75°CV < V CC < 5.25V 



SYMBOL 


PARAMETERS 


TO 


FROM 


LIMITS 


UNIT 


Min 


Typ 1 


Max 


Pulse width 


tCKH 

*CKL 

tCKP1 

tCKP2 

'iNITH 


Clock high 

Clock low 

Period (without Complement Array) 

Period (with Complement Array) 

Initialization pulse 


CK- 
CK+ 
CK+ 
CK+ 
INIT+ 


CK+ 
CK- 
CK+ 
CK+ 
INIT- 


10 
10 
20 
30 
10 


a 

5 

15 
25 
8 




ns 


Setup time 2 


tisi 

t|S2 

Ws 

tlNITS 


Input 

Input (through Complement Array) 

Power-on preset 

Initialization 


CK+ 
CK+ 
CK- 
CK- 


lnput± 
lnput± 

Vcc+ 
INIT- 


15 
25 





12 
20 
-10 

-10 




ns 


Hold time 


t|H 


Input 


lnput± 


CK+ 





-5 | 


ns 


Propagation delay 


*CKO 
tOE 
*OD 
tlNIT 

tpPR 


Clock 

Output enable 
Output disable 

Initialization 
Power-on preset 


Output± 
Output- 
Output+ 
Output+ 
Output+ 


CK+ 
OE- 
OE+ 
INIT+ 
Vcc+ 




8 

12 
12 
15 



10 
15 
15 
20 

10 


ns 


Frequency of operation 


fMAX 
fMAX 


Without Complement Array 

With Complement Array ; 


1 




40 
28.5 


MHz 




NOTES: 

1 . All typical values are at V C c = 5V, T A = + 25°C. 

2. Product term loading considerations: Connecting more than 8 toggle-mode registers to only one product term by itself may compromise the setup time 
performance. Product term loading restrictions do not apply if toggle mode functions are not used. 
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TIMING DIAGRAMS 
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Asynchronous Initialization 



I 
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V H 



[Fnl=1 
tCKP 



X7 



1.5V\ (F„+lI 



-•'ckoH 



CLK — 'I 



-*CKH- 



X 



P 



~K Z — ' 



Power-On Preset 



TIMING DEFINITIONS 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP Clock period — when not using 
Complement Array. 

tisi Required delay between beginning 

of valid input and positive transition 
of Clock. 

tcKP2 Clock period — when using Com- 
plement Array. 

t|S2 Required delay between beginning 

of valid Input and positive transition 
of Clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND Array). 

tvs Required delay between Vcc (after 

power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 

tiNiTS Required delay between negative 
transition of Asynchronous Initial- 
ization and negative transition of 
Clock preceding first reliable clock 
pulse. 

t|H Required delay between positive 

transition of Clock and end of valid 
Input data. 

tc«o Delay between positive transition of 
Clock and when Outputs become 
valid (with INIT/OE low). 

toE Delay between beginning of Output 

Enable Low and when Outputs be- 
come valid. 

toD Delay between beginning of Output 

Enable High and when Outputs are 
in the off state. 

*sre Delay between input l 12 transition 
to Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 

tsRD Delay between input I12 transition 
to Logic mode and when the Out- 
puts reflect the contents of the 
Output Register. 

twit Delay between positive transition of 

Initialization and when Outputs be- 
come valid. 

tppp, Delay between Vcc (after power- 

on) and when Outputs become pre- 
set at "1". 

tiNiTH Width of initialization input pulse. 

tRH Required delay between positive 

transition of Clock and end of valid 
Input data when jaming data into 
State or Output Registers in diag- 
nostic mode. 

tp,js Required delay between inputs l-n 
or l 10 transition to State and Output 
Register Input Jam Diagnostic 
Modes, respectively, and when the 
ouput pins become available as 
inputs. 

tpjH Required delay between positive 

transition of Clock and end of in- 
puts In or l-jo transition to State 
and Output Register Input Jam Di- 
agnostic Modes, respectively. 

fMAX Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 
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Diagnostic Mode — State Register Outputs 
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Diagnostic Mode — Output Register Input Jam 
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MEASUREMENTS: 

All circuit delays are measured at the + 1 .5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 
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LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table of the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

PRESET/RESET OPTION - (P/R) 



INITIALIZATION/OE OPTION - (IN/E) 



-cro>-« 



OPTION 


CODE 


INITIALIZATION 1 


H 



-ct 



x>-. 



OPTION 


CODE 


OE 


L 



PROGRAMMING THE PLUS405A: 

The PLUS405A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (State and Output Register) at a logic High (H). When programming the device 
it is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 



ACTION 


CODE 


INDETERMINATE 5 








P R 




N 


I 












\? 










LO0S9 


ACTION 


CODE 


PRESET 


H 



ACTION 


CODE 


RESET 


L 



ACTION 


CODE 


INDETERMINATE 5 


- 



'AND" ARRAY -(I), (P) 



HZ. 



9 



STATE 


CODE 


INACTIVE 1 ' 2 






* 



"— i* 



9 



STATE 


CODE 


I, P 


H 



< 



9 



STATE 


CODE 


I. P 


L 



< 



9 



STATE 


CODE 


DON'T CARE 


- 



"OR" ARRAY -J-K FUNCTION - (N), (F) 



N,F — " 




ACTION 


CODE 


TOGGLE 7 










| ACTION 


CODE 


I SET 


H 



ACTION 


CODE 


RESET 


L 



N,F 






ACTION 


CODE 


NO CHANGE 


- 
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■COMPLEMENT" ARRAY -(C) 



-H> 







^a 







<j 



ACTION 


CODE 


INACTIVE 1 ' 4 






ACTION 


CODE 


GENERATE 


H 







L -<1 



[ -<l 



ACTION 


CODE 


TRANSPARENT 


- 



CLOCK OPTION -(CLK1/CLK2) 



^ 



<r 






NOTES: 

1. This is the initial unprogrammed state of all links. It is normally associated with all unused (inactive) AND gates T n , 

2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 

5. These states are not allowed when using PRESET/RESET option. 

6. Input buffer l6 must be deleted from the AND array (i.e. all fuse locations "Don't Care") when using second clock option. 

7. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 



B 
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PLUS405A FPLS PROGRAM TABLE 



CUSTOMER NAME. 



SIGNETICS DEVICE*. 



CF (XXXX) 



CUSTOMER SYMBOLIZED PART #. 
REV DATE 



PROGRAM TABLE. 



AND 



OR 



INACTIVE 





GENERATE 


A 


PROPAGATE 


» 


TRANSPARENT 


- 




• 


INACTIVE 


I.P 


H 


T,P 


■- 


DON'T CARE 


_ 



Ns.Fr 



OPTION 



mrr/df 



rsssr 

I ABBAY 

CI ICO 



40 1 ! 



5T~r 

J7\ I 



-r—r 



TZX 



++ 



PRESENT STATE (P») 



P7lP6!P5iP«IP3 P2lP1lp7 



-t-r- 



T — r 
I ! I 



-H 



i I ! 



iwrriAijz«ripwoUTWJT 



SgBTJ 



EX 



NEXT STATE (Nt) 



|N7 N6 



H5IH4:N3IN2!N1IN0 



-i—r- 



F3 F2 FIIFQl 



-i-r- 



^-r 



■t-T 



"i — r 
-I—r 



+4- 



i l I 



-i-r-t- 



-i — r 

t— r 



-i—h-r 



+-T 



NOTES: 

1. The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the IN/Eand H for the clock option, exits in the table, shown BLANK instead 
for clarity. 

2. Unused C n l m , and P s bits are normally programmed Don't Care ( — ). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as ( — ) for maximum speed. 



November 1986 



6-50 



Signetics | s © ct 'o n 7 

Military Errata 



Application Specific Products 



Effective October 1986, this section has been superseded by the Military Products 
Data Manual. Information regarding this manual can be obtained from the Military 
Division in Sacramento, (916) 925-6700. 

Electrical specifications herein do not necessarily describe the performance 
characterization of military processed products. 
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SOFTWARE SUPPORT FOR 
USER PROGRAMMABLE LOGIC 

Computer Aided Design (CAD) support 
is becoming necessary to address the 
time-consuming details required by the 
more complex programmable logic de- 
vices available today. The design effort 
can include the manipulation of Boolean 
equations, truth tables, state diagrams, 
flowcharts etc, to create the binary fuse 
map required to program such devices. 

For many years, design engineers have 
used programmable read-only memories 
(PROM's) to replace conventional logic. 
The architecture of the PROM can be 
described as a programmable logic de- 
vice containing a fixed AND array fol- 
lowed by a programmable OR array. 
The fixed structure of the PROM re- 
quires a lUn assignment of output words 
to be programmed for every input combi- 
nation. Therefore, little use can be made 
of programmable logic software pro- 
grams for logic minimization or other 
compiling efforts when using PROM's. 

Signetics Programmable Logic Devices 
are the most advanced approach to 
solving the inherent limitations of 
PROM's. Their architecture consists of a 
programmable AND array, followed by 
a programmable OR array - with the 
addition of a programmable invert func- 
tion for flexible output control. 



A Signetics PLD device can implement 
any set of Boolean expressions, provid- 
ed that they are first put into the stan- 
dard sum of products form. The logical 
AND's are implemented at the first gate 
level of the programmable logic device 
and the logical OR's are implemented by 
the second gate level within the PLD. 
The only limitations on the expressions 
are those imposed by the number of 
inputs, outputs, and internal product 
terms provided by the particular PLD 
circuit selected. The efficiency of imple- 
menting the set of equations can be 
increased significantly by applying De- 
Morgan's theorem, and utilizing the pro- 
grammable invert function on each out- 
put. 

if there seems to be too few product 
terms to handle a relatively large equa- 
tion set, one of several minimization 
methods can be pursued. 

The probability of reducing such equa- 
tions to manageable size is enhanced 
through the flexibility of shared AND 
terms for each output function, the ac- 
cessibility of all AND terms to each 
output, and having a programmable in- 
vert function on each output. All of these 
features can be utilized by applying the 
manual manipulation of Venn Diagrams 
or Karnaugh Maps. However, the time 
and effort to accomplish these tasks as 
well as document the effort for procure- 



ment specification purposes increase 
the need and desire to have software 
programs to automatically perform such 
manipulations. 

Many types of software programs are 
being developed to provide this assis- 
tance for operation on a wide range of 
computer hardware. This list of software 
is expanding rapidly, consisting of both 
Signetics generated software and some 
independent software houses' contribu- 
tions. 

This discussion is intended to outline the 
Signetics developed software program 
called AMAZE (Automatic Map And Zap 
Equation Entry) The AMAZE software 
program currently consists of five mod- 
ules, BLAST ('Boolean Logic And State 
Transfer' entry program), PTP ('PAL To 
PLD' conversion program), DPi ('Device 
Programmer Interface' program), PLD 
SIM ('PLD Simulator" program) and the 
PTE ('Program Table Editor' program). 
Other modules will be added when prod- 
uct developments require additional 
software tools. 

It must be noted that the AMAZE pro- 
gram is not by any means the total 
extent of software available for use in 
designing with PLD (Programmable Log- 
ic Devices). Please contact your local 
Signetics representative for the latest 
word on the most currently available 
software. 
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AMAZE 

Description 

Automatic Map And Zap Equation Entry soft- 
ware program. The AMAZE software program 
consists of the following five modules: 

• BLAST ('Boolean Logic And State 
Transfer' entry program) 

• PTE ('Program Table Editor') 

• PTP ('PAL To PLD' conversion 
program) 

• DPI ('Device Programmer Interface' 
program) 

• PLD SIM ('PLD Simulator' program) 
Each module performs specific tasks as out- 
lined in the following sections. 

Features 

• Multiple modules allowing expansion 
for future requirements 

• Each module designed to be user 
friendly 

• Both HELP and ERROR messages 

• Document printout: Header, Pin 
diagram, Boolean equation and Fuse 
map 

• Interface with most commercial 
programmers 

• SIMULATOR programs provide both 
test and applications assistance 

Equipment 

• The PC version of AMAZE is capable 
of operating on an IBM-PC with MS- 
DOS operating system and having 
512K bytes of on-board RAM 

• The VAX version of AMAZE is 
capable of operating on a VAX 
computer with VMS operating system 

Please contact your Signetics Sales Repre- 
sentative for availability and ordering informa- 
tion. 



Products Supported 

AMAZE will support the following products: 
• 20-pin PLDs: PLS151 

PLS153 

PLS153A 

PLHS153 

PLUS 153 

PLS155 

PLS157 

PLS159 

PLS159A 

PLHS18P8A 



• 24-pin PLDs: 



• 28-pin PLDs: 



• 52-pin PLDs: 



PLS161 

PLS162 

PLS163 

PLS167 

PLS167A 

PLS168 

PLS168A 

PLS173 

PLUS173 

PLS179 

PLHS473 

PLC473 

PLS100 

PLS101 

PLS103 

PLS105 

PLS105A 

PLC105 

PLUS405A 

PLHS501 

PLHS502 
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BLAST 

Boolean Logic And State Transfer program is 
a menu driven software package that sup- 
ports the engineer in implementing logic de- 
signs into Signetics Programmable Logic De- 
vices. It checks design data and automatically 
compiles a program table from Boolean and 
State Machine equations. Data from the pro- 
gram table is then used to produce a Stan- 
dard File which contains the fusing codes in a 
form acceptable to all the AMAZE modules 
(i.e. PLD-SIM and DPI). 

BLAST reports the logic and syntax errors, 
and lists the equations in a Sum of Products 
form, which can help the user to minimize the 
entered logic equations. It will automatically 
partition State machine designs into specified 
devices, and then delete redundant terms 
during compilation. 

BLAST also provides the capability of modify- 
ing a current logic set programmed into a 
device by overlaying new data onto unused 
fuses. 



BOOLEAN LOGIC AND STATE 
TRANSFER FEATURES 

» user friendiy interactive piniisi editor 

• Boolean equation or state vector 
entry 

• Schematic entry (with external 
schematic capture package)" 

• On-line error checking, minimization, 
and design overlay 

• Capable of partitioning single designs 
into multiple PLDs 

• Generates standard PLD fusemap 
files 

• Supports all Signetics' PLDs and 
PLEs 

• User definable device files for 
support of PALs and other PLD 
devices 



PTE 

Program Table Entry is an interactive editor 
which allows the logic designer to enter data 
into AMAZE in the form of SIGNETICS AP- 
PROVED PROGRAM TABLES. Each 
Signetics PLD data sheet has the program 
table format which applies to that device. In 
addition, PTE can be used to document 
completed designs and to make changes in 
logic functions which have been previously 
defined in the BLAST module. 



PROGRAM TABLE EDITOR 
FEATURES 

• Allows easy creation and editing of 
new and existing PLD designs 

• Truth-tabie representation of PLD 
fusemap in High/Low format 

• On-line editor provides automatic 
cursor control and prevents syntax 
errors 

• On-line help screen and print facility 

• Operates on standard PLD fusemap 
files 



PTP 

PAL™ To PLD is a conversion program to 
allow easy transfer of the various PAL 20 and 
24 pin circuits to the Signetics PLD 20 and 24 
pin series devices. 

PTP can automatically upload the PAL™ 
pattern from a Commercial programmer, con- 
vert the pattern into a PLD pattern, and then 
download the PLD pattern into the program- 
mer. The PAL™ pattern and it's correspond- 
ing PLD pattern are documented, and the 
PLD pattern can be directed to other AMAZE 
modules. 

PTP can also convert the PAL™ fuse file in a 
HEXPLOT format. 



PAL-TO-PLD CONVERSION 
FEATURES 

• Menu-driven fusemap conversion of 
20- and 24-pin PALs to pin and 
functional equivalent Signetics' PLDs 

• Automatic assembler removes 
duplicated p-terms providing efficient 
PLD mapping 

• Accepts JEDEC, fuseplot files or 
direct PAL master input via 
commercial PLD programmer 

• User selectable RS-232 programmable 
interface parameters 

• Provides fusemap conversion 
documentation 

• Generates standard PLD fusemap 
files compatible with other AMAZE 
modules 



DPI 

Device Programmer Interface is the software 
module that provides the interface between 
the Standard File created by the AMAZE 
modules and a commercial programmer. This 



module allows both download (Sending from 
Host to programmer) and upload (Sending 
from programmer into the host) operations. 

DPI supports both JEDEC and Signetics H & 



rwey fusir 



reformation to artr\ 



from several commercial programmers. 

DEVICE PROGRAMMER 
INTERFACE FEATURES 

• Supports standard JEDEC and 
Signetics High/Low fusemap file 
formats 

• RS-232 interface to commercial PLD 
programmers 

• Screen menus for easy upload and 
download of fusemaps 

• User selectable RS-232 parameters 
for programmer flexibility 

• Test vectors automatically transferred 
to programmer along with fusemap 
file 

• Operates with standard PLD fusemap 
files 



PLD SIMULATOR 

The PLD Simulator program is a software 
package that simulates the operation of the 
logic that has been defined for Signetics PLD 
products. The input to the program is the 
Standard File generated by other AMAZE 
modules. The simulator has the capability of 
running manually or automatically. In the 
automatic mode the simulator creates a file of 
test vectors that can be used to test the 
programmed devices. In the manual mode 
the program will allow the operator to as- 
signed an input vector and observe the resul- 
tant output. 



PLD FUNCTIONAL SIMULATOR 
FEATURES 

• Functional simulation of designs 
created from equations, program 
tables, or existing programmed 
devices 

• Automatic test vector generation 
from standard or JEDEC PLD 
fusemap files 

• Interactive keyboard entry or batch 
file input of test vectors 

• Detects illegal State Machine 
transitions and flags affected p-terms 

• On-line help screen 




*PAL™ and PLE™ are trademarks of Monolithic Memories, Inc. 

(** AMAZE accepts TTL schematics generated with DATA-I/O FUTURENET DASH) 
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AMAZE HARDWARE 
REQUIREMENTS 

P/N 

82SOFT523-SS IBM-PC or IBM-XT or 
compatible computer 
51 2K Memory 
PC-DOS Operating Sys- 
tem Version 2.0 or higher. 
2 Floppy Disk Drives or 
1 Floppy and 1 Hard disk 
82SOFT211-SS VAX Series Computer 
VMS operating system - 
all revisions. 
AMAZE comes fully documented with appro- 
priate magnetic media. Applications support 
is provided by Signetics Field Application 
Engineers in most areas. Contact the Sales 
Office in your area for information on AMAZE 
and Signetics Programmable Logic Products. 
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INTRODUCTION 

In multiprocessor environments there is con- 
siderable savings to be made through sharing 
system resources. If each processor must 
support its own bus structure, I/O devices, 
and bulk storage medium, system cost could 
be very high. In the configuration shown in 
Figure 1 , all processors share a common 
communication bus, and a number of system 
resources. 

Since every processor must use the common 
system bus to communicate with its peripher- 
als, a priority structure that resolves simulta- 
neous processor bus requests into a single 
bus grant must be integrated into the system. 
In addition to making request-grant transac- 
tions, transient bus contention due to grant 
switching must be removed by inserting pre- 
cise guard band times between bus grants. 

Signetics' Field Programmable Logic Se- 
quencer provides a convenient and cost- 
effective means for implementing a synchro- 
nous arbiter to perform these tasks within a 
single chip. 



ARBITER STRUCTURE 

Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue "A" 
grants in manner that prevents any high 
priority "A" processor from locking out anoth- 
er Priority A processor. To enable this, the 
Priority A rules implemented here use a Last 
Granted Lowest Priority (LGLP) ring structure. 
After an "A" processor has completed a bus- 
related task, its next arbitrated request priority 
will be lowest in the "A" request group. The 
previously second highest priority "A" pro- 
cessor will then become highest priority re- 
quester. The net effect of the "round robin" 
exchange is that every Priority A processor 
will have a turn at being highest priority 
processor. Priority A processors are typically 
ones that perform real-time operations or vital 
system tasks. 



Priority b processors are lower in priority than 
the "A's" and may only be granted system 
control when no "A" requests are pending, 
"b" processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each "b" 
processor has a fixed priority position. 

Plumber 1 , Pearce 2 , and Hojberg 3 present 
asynchronous techniques of arbiter imple- 
mentation. These methods all have hard- 
wired priority rules and imprecise guard band 
times during grant switching. As pointed out 
by Hojberg, a synchronous state machine can 
be configured as a Mealy-type controller to 
provide not only precise guard band times 
and programmable priority rules, but also 
programmable input/output polarity. The 
state machine in Figure 2 is made from a 
control PROM array and an edge-triggered 
latch. The "A" and "b" requests and the 
machine's present state are used by the 
control PROM to determine the next "A" and 
"b" grants and the next state. 
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Figure 1. Multiprocessor Structure 
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R . . IS. 

R, I A REQUESTS" j 

R„ 

r* I b REQUESTS* ^ 







CONTROL 
PROM 



NEXT A 
GRANT 



> 



^> 



$ 



■A- 



^> G ' 



?r>: 



b GRANTS > g, 



SYSTEM CLOCK- 



PRESENT STATE 



a. A and b service requests (Rn> tn.) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (G N , gu). 



tttttttttttttttt 




b. Requests Rp, Ri, r , and ^ are asserted low In the same clock sample period. 
The priority rules that determine the order in which the grants are Issued and the 
shaded guard-band areas are programmed into the control PROM. Note that the A 
and b request lines and the present state input to the PROM must have a set-up 
time equal or greater than the latch set-up time plus the PROM access time. 

Figure 2. Arbiter Constructed From A Mealy-Type State Machine 



SYSTEM OPERATION 

Two machine states can be identified by 
inspection: a wait state and a grant state. The 
state machine enters a grant state as a 
response to a system request on either Rn or 
tn- The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single state 
guard band time. The requests received must 
meet the set-up requirement of the edge- 
triggered latch after propagating through the 
control PROM. If these time considerations 
do not fit within a given multiprocessor struc- 
ture, an input latch may be added such that 
the Rn and tn lines are clocked through the 
latch by the system clock, thereby removing 
asynchronous set-up time considerations. On 
the basis of a state machine approach, two 
techniques of implementation are feasible: 1) 
using an architecturally advanced single IC 
controller, the FPLS, and, 2) a traditional 
PROM/LATCH configuration. 
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b. FPLS Standard Program Table 



CK 


s 


R 


Q 


T 








Q 


t 





1 





t 


1 





1 


t 


1 


1 


Undefined 



( T ) denotes positive clock transition. S = R = 1 is an illegal 
input condition. 

c. Transition Table of Clocked S/R Flip-Flop 
Figure 3 




FPLS ARBITER 
IMPLEMENTATION 

A five Priority "A" and three Priority "b" 
arbiter will be constructed such that all grant 
outputs will be asserted low for grants and all 
request inputs will be asserted low for system 
requests. 

Brief FPLS Description 

The FPLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked S/R 
flip-flops. The control PLA is actually an AND- 
OR logic array that functions as a Content 
Addressable PROM. The PLA is organized as 
48 words of 28 bits with 16 external input 
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lines, and six internal inputs fed back from the 
State Register. The 28 PLA outputs drive the 
S/R inputs of the six-bit State Register and 
eight-bit Output Register. Note that the state 
feedback path is made inside the FPLS. 

In and present state inputs, Ps, represent 2 22 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by assign- 
ing to the variables either Low "L", High "H", 
or Don't Care "-" logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 

9-5 



internal outputs, thereby issuing a "no 
change" command to the R/S flip-flops. 

This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the FPLS, owing 
to the functional characteristics of S/R flip- 
flops tabulated in Figure 3(c). An example of 
this is shown in Figure 4. 

The S/R inputs of both state and output 
registers are specified by using PLA outputs 
("AND" functions of request inputs and pres- 
ent state) in the program table of Figure 3(c). 
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The corresponding next state of each bit will 
be set to for "L", 1 for "H", and No Change 
for "-". The FPLS's PR/OE line may be 
assigned either Asynchronous Preset or Out- 
put Enable functions, via a user programma- 
ble option. 

The entire function is integrated into a single 
28-pin package designated as PLS105. 

State Algorithm 

Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 3B are arbiter wait states W _4. In these 
states, processor "A" and "b" requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A-i in hex state 07. As long 
as Ai asserts its request line low, the next 
state will be 07i 6 and the next output will 
remain with G^ asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 

As soon as processor A^ returns its request 
line, Ri, to 1, a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1. Since processor A-i was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state W2, the highest priority 
processor will be A2, second A 3 , third A 4 , and 
fourth Ao- To maintain the LGLP rule, grant 
transitions must follow the state rule 
Gn ~* W(n + 1), and wait states, W M , must 
set their "A" priorities so that processor Am is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, A (m _i). 

When no "A" requests are pending, "b" 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a "b" grant must leave 
and return to the same wait state. Since the 
"b" priority structure is the same regardless 
of the wait state, only a single set of "b" 
transition terms are required. 




NOTE: 

Tn/Fn ~ Inputs/outputs. 

The FPLS requires that only two out of the three transition terms be programmed. 

Figure 4. FPLS State and Output Transitions 



For example, a grant transition to g2 (Hex 
20-25) can be issued only if there are no 
"A", "bo", or "bi" requests pending. Given 
the binary wait state code 111XXX, where 
"X's" represent Don't Cares, a request code 
of 01111111 will transfer the arbiter to the 
grant state g2 from any of the wait states, 
W -4. 

It is important to realize that in making this 
transition, the lower three-state bits will not 
be changed — they provide the wait state 
return address. When r 2 returns high, 
1XXXXXXX, a transition back to the previous- 
ly exited wait state is made by forcing a "1" in 
the three most significant state bits and 
leaving the lower three-state bits unchanged. 

All output and state bits are initially preset to 
"1" through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to "1" when jumping back 
to a wait state. 

Table 1 provides the complete arbiter pro- 
gram. The complete arbiter circuit diagram is 
shown in Figure 6. The AMAZE equations are 
shown in Figure 7. 



PROM/LATCH 
IMPLEMENTATION 

The same five "A" processor and three "b" 
processor arbiter can be implemented with 
discrete PROM's and Latches using the same 
state diagrams for the FPLS, except that now 
looping transition terms must be pro- 
grammed. Coding of all state and output 
transitions requires programming of two 
memory fields: the "A" request PROM's 
(2KX6) and the "b" request PROM (64 X 3). 
The complete circuit diagram is shown in 
Figure 6(b). 

The "A" request PROM's determine the next 
machine state (No -5) at all times, except 
when there are no "A" requests pending and 
there is a "b" request, or if the machine is 
presently in a "b" grant state. In these cases, 
the "b" request PROM controls the ma- 
chine's next state. 

The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH organiza- 
tion is conceptually the same as that shown 
in Figure 2. 
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Figure 5. Arbiter State Transition Diagram 
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Figure 6. Arbiter Circuit Diagram Summary 



November 1986 



9-8 



Signetics Application Specific Products 



AppiiuGtiu; i Note 



Single Chip Multiprocessor Arbiter 



AN7 



Table 1. FPLS Program Table for Priority Arbiter 
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**#**#*****»*»*»»■»»* ARBITERS ******************** 
©DEVICE SELECTION 
ARBITERB/82S105 
SSTATE VECTORS 

C FF5, FF4, FF3, FF2, FF1, FFO 3 
WO = 03Fh ; 



Wl 


= 


03Eh ; 


W2 


= 


03Dh ; 


W3 


= 


03Ch ; 


W4 


= 


03Bh ; 


W04 


= 


111 b 


GAO 


= 


06h ; 


6A1 


= 


07h ; 


6A2 


= 


OEh ; 


GA3 


= 


OFh ; 


6A4 


= 


16h ; 


SBO 


= 


101 b 


GB1 


= 


110 b 


GB2 


= 


100 b 



S INPUT VECTORS 

fiOUTPUT VECTORS 

C0B2, OBI, OBO, 0A4, 0A3, 0A2, 0A1, 0A03 

QAO' = FEh 

BA1 ' = FDh 

QA2' = FBh 

QA3' = F7h 

QA4' = EFh 

GBO' = DFh 

QB1 '. = BFh 

QB2' = 7Fh ; 

NOGRANT' = FFh 



©TRANSITIONS 
WHILE CW03 
CASE 

C/RAO] : 
C/RA1 
C/RA2 
C/RA3 
C/RA4 
ENDCASE 



: C6A0] WITH CQA0'3 

RA03 :: CGA13 WITH CQA1 ' ] 

RA1 * RAO] :: CGA23 WITH CQA2'3 

RA2 * RA1 * RAO 3 :: CGA33 WITH CQA3'3 

RA3 * RA2 * RA1 * RA03 :: C6A43 WITH CQA4' 



WHILE CW13 
CASE 

C/RA13 

C/RA2 

C/RA3 

C/RA4 

C/RAO * RA4 
ENDCASE 



! C6A13 WITH CQA1 '3 

RA13 :: C6A23 WITH CQA2'3 

RA2 * RA13 :: CGA33 WITH CQA3'3 

RA3 * RA2 * RA13 :: CGA43 WITH CQA4'3 

RA3 * RA2 » RA13 :: CGA03 WITH CQA0'3 



a. Arbiter State Equations 
Figure 7 
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WHILE CW23 
CASE 

C/RA23 :: C6A23 WITH CQA2'3 

C/RA3 * RA23 :; C3A33 WITH CGA3'3 

C/RA4 * RA3 * RA23 :: CGA43 WITH CQA4'3 

C/RAO * RA4 * RA3 * RA23 :: CGA03 WITH CQA0'3 

C/RA1 * RAO * RA4 * RA3 * RA23 :: CGA13 WITH CQA1'3 
ENDCASE 

WHILE CW33 
CASE 

C/RA33 :: C6A33 WITH CQA33 

C/RA4 * RA33 :: CGA43 WITH CQA4'3 

C/RAO * RA4 * RA33 :: CGA03 WITH CQA0'3 

C/RA1 * RAO * RA4 * RA33 :: CGA13 WITH CQA1 ' 3 

C/RA2 * RA1 * RAO * RA4 * RA33 :: C6A23 WITH CQA2'3 
ENDCASE 

WHILE CW43 
CASE 

C/RA43 .-: CGA43 WITH CQA4'3 

C/RAO * RA43 :: C6A03 WITH CQAO'3 

C/RA1 * RAO * RA43 :: CGA13 WITH CGA1'3 

C/RA2 * RA1 * RAO * RA43 :: CGA23 WITH CQA2'3 

C/RA3 * RA2 * RA1 *RA1 * RA43 :: CGA33 WITH CQA3'3 
ENDCASE 

WHILE CW043 

CASE 

C/RBO * RA4 * RA3 * RA2 * RA1 * RA03 : : CGB03 WITH CQB0'3 

C/RB1 * RBO * RA4 * RA3 * RA2 * RA1 * RAO] :: CGB13 WITH CQB1 ' 3 

C/RB2 * RBI * RBO * RA4 * RA3 * RA2 * RA1 * RA03 lis C6B23 WITH C0B2 

ENDCASE 

WHILE CGA03 

IF CRA0 3 THEN CW13 WITH CNOGRANT ' 3 

WHILE CGA13 

IF CRA13 THEN CW23 WITH CNOGRANT '3 



WHILE CGA23 

IF CRA23 THEN CW33 WITH CNOGRANT '3 



WHILE CGA33 

IF CRA33 THEN CW43 WITH CNOGRANT '3 



WHILE CGA43 

IF CRA43 THEN CW03 WITH CNOGRANT '3 



WHILE CGB03 

IF CRB03 THEN CSB13 WITH CNOGRANT ' 3 



WHILE CGB13 

IF CRB13 THEN C6B23 WITH CNOGRANT ' 3 



WHILE CGB23 

IF CRB23 THEN CGB03 WITH CNOGRANT '3 



a. Arbiter State Equations (Continued) 
Figure 7 (Continued) 
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******************** ARBITERB ******************** 
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END 
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Figure 7 (Continued) 
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SUMMARY 

As can be seen from the circuit diagrams, the 
FPLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design alter- 
natives for the Priority Arbiter is shown in 
Table 2. Clearly, the FPLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 
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Table 3. Design Alternatives for the Priority Arbiter 



PARAMETER 


F.P.L.S. 


PROM/LATCH 


Parts count 
PCB space 
Power 
Voltage 


1 IC 

.84 in 2 

.65W 

+ 5V 


=b19IC's 

7.92 in 2 

2.85W 

+ 5V 
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INTRODUCTION 

Custom logic is expensive - too expensive if 
your production run is short. 'Random logic' is 
cheaper but occupies more sockets and 
board space. Signetics Programmable Logic 
bridges the gap. Using PLD, you can config- 
ure an off-the-shelf chip to perform just the 
logic functions you need. Design and devel- 
opment times are much shorter, and risk 
much lower than for custom logic. Connec- 
tions are fewer than for random logic, and, for 
all but the simplest functions, propagation 
delay is usually shorter. Yet another advan- 
tage that PLD has over custom logic is that it 
allows you to redesign the functions without 
redesigning the chip -giving you an invalu- 
able margin not only for cut-and-try during 
system development, but also for later revi- 
sion of system design. You're not tied down 
by the need to recover capital invested in a 
custom chip. 

A PLD chip is an array of logic ele- 
ments-gates, inverters, and flip-flops, for 
instance. In the virgin state, everything is 
connected to everything else by nichrome 
fuses, and although the chip has the capacity 
to perform an extensive variety of logic func- 
tions, it doesn't have the ability to. What gives 
it that is programming: selectively blowing 
undesired fuses so that those that remain 
provide the interconnections necessary for 
the required functions. 

Signetics Series 20 PLD, named for the 
number of pins, supplements the well-known 
Series 28. The package is smaller - little 
more than a third the size, in fact -but the 
improved architecture, with user-programma- 
ble shared I/O. compensates for the fewer 
pins. The series comprises the following 
members, in order of increasing complexity: 

• PLS151- field-programmable gate 
array 

• PLS153- field-programmable logic 
array 



• PLS155- field-programmable logic 
sequencer 

• PLS157- field-programmable logic 
sequencer 

• PLS1 59 -field-programmable logic 
sequencer 

Entry to all the devices is via a product matrix, 
an array of input and shared I/O lines fuse- 
connected to the multiple inputs of an array of 
AND gates (see Figures 1, 2 and 5). To 
exploit the capacity of any device, it is impor- 
tant to make the most economical use of the 
AND gates it has available. Application of de 
Morgan's theorem can help in this. For exam- 
ple, inputs for the function 

F=A+B+C+D 

would occupy four of the AND gates of the 
product matrix. However, the same function 
rewritten as 

F = A BCD 

would occupy only one. Moreover, the sec- 
ond function could be done on the simplest of 
the Series 20 devices (and leave eleven 
gates over for other functions), whereas the 
first could not. The fact that all inputs of the 
Series 20 devices, including the shared ones, 
incorporate double buffers that make the true 
and complement forms of all input variables 
equally accessible, greatly facilitates the use 



"f de Mt 
tion. 



theorem ^Q r IqtV* minimiTfl- 



To convert the minimized logic equations to 
the pattern of fuses to be blown, you can use 
either a programming sheet (see e.g. Table 1) 
or Boolean equation program-entry software 
that lets you enter the equations via the 
keyboard of a terminal. The direct program- 
mability of logic equations makes system 
design with PLD simple and sure. Functional 
changes can be made by replacing one PLD 
chip by another differently programmed. In 
many cases you can even remove the original 
one, reprogram it on the spot, and re-insert it. 
Programming machines qualified for the Se- 



ries 20 are at present available from DATA I/ 
O, KONTRON, and STAG. 



FPGA PLS151 

The field-programmable gate array is the 
simplest of the Series 20 PLD devices; Figure 
1 shows the functional diagram. The array 
can accept up to 18 inputs. There are six 
dedicated input pins (A) and twelve (A') that 
can be programmed as inputs, outputs, or 
bidirectional I/O. All input variables, whether 
on dedicated or programmed input pins, are 
available in both true and complement form in 
the product matrix (B), and both forms are 
buffered: either form can drive all 1 2 product 
lines if required. In the virgin state, all the 
input variables and their complements are 
connected to all the product lines via a diode 
and a fuse (C), and the product matrix is 
effectively inoperative. To enabie it to gener- 
ate the required functions, unrequired con- 
nections between individual input lines and 
product lines are severed by blowing the 
connecting fuses. 

At the output of the product matrix are 12 
NAND gates, each with 36 inputs to accom- 
modate the 18 possible input variables and 
their complements. Each of the product terms 
is normally active-Low, but a unique feature of 
Signetics PLD is that any or all of them can be 
independently programmed active-High. This 
is done by means of an array of exclusive-OR 
gates (D) at the NAND-gate outputs; when 
the fuse that grounds the second input of 
each OR gate is blown, the output of that 
gate is inverted. 

The product matrix and exclusive OR-gate 
connections shown in Figure 1 illustrate the 
flexibility conferred by having buffered com- 
plements of all input variables internally avail- 
able, together with independently program- 
mable output polarities. Output B^, shown 
with its exclusive OR-gate fuse intact, is 
programmed 

577 = loiils 



Q 
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NOTE: 

A, dedicated inputs; A', programn 
gated. D, exclusive-OR array with 
permanent connections; round d 


nable I/O. B, product (NAND) matrix with fused connections C; each of the vertical lines in the matrix represents 36 inputs to the terminating NAND 
nputs grounded via fuses for polarity control. E, programmable Tri-state output buffers. F, fuse-programmable control matrix. Square dots (■) represent 
ots (•) intact fuse connections. Connected as shown, the array is programmed for the functions Bn = lo li Is and Bio = k h ii- 

Figure 1. Field-Programmable Gate Array PLS151A 
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as a single-bit adder with Carry Enable, 

Logic Array PLS153 



B 



At the same time, and without using any 
additional inputs, output Bio (fuse blown) is 
programmed 

Bio = 'oh Is 

Each of the sxc!usive-OR gates drives a 
three-state output buffer. In the virgin state all 
the buffers (E) are disabled and therefore in 
the high-impedance state. The function of the 
programmable I/O pins (A 1 ) is then deter- 
mined by the I/O control matrix (F). The three 
AND gates at the control-matrix output are 
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Active-High, and when one of them is in the 
High state, the four output buffers it controls 
are enabled; the corresponding I/O pins then 
act as outputs, conversely, when a control- 
matrix AND-gate output is Low and the con- 
trol fuse for the corresponding Tri-state buffer 
is intact, the pins controlled by that gate act 
as inputs. Thus, these pins can be pro- 
grammed in groups of up to four to act as 
inputs or outputs according to the state of 
selected input variables. If required, any of 
the programmable I/O pins can be made a 

9-17 



dedicated output by blowing the control fuse 
of the output buffer associated with it. 

The speed of the FPGA compares favorably 
with TTL, although its propagation delay is 
longer than the individual gate delay of TTL. 
When the number of inputs required is large, 
however, the FPGA more than makes up for 
this. When more than eight inputs are re- 
quired, for example, the FPGA has a distinct 
advantage. Then, the overall propagation de- 
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lay of TTL often amounts to two or three gate 
delays, but that of the FPGA to only one. 



FPLA PLS153 
Architecture 

With two levels of logic embodied in a product 
matrix terminating in 32 AND gates coupled 
to a ten-output OR matrix (Figure 2), the 
FPLA is a step up in complexity from the 
FPGA. Again, there is provision for 18 input 
variables, internally complemented and buff- 
ered, but here divided between eight dedicat- 
ed input pins and ten individually programma- 
ble I/O pins. As before, exclusive-OR gates 
grounded by fuses provide output polarity 
control, and any of the programmable I/O 
pins can be made a dedicated output by 
blowing the control fuse of the output buffer 
associated with it. 

Programming 

When the required functions have been de- 
fined, corresponding programming instruc- 
tions are entered in a programming table, the 
layout of which reflects the FPLA architec- 
ture. (A Signetics computer program named 
AMAZE, which accepts Boolean equations as 
input and generates an FPLA programming 
table as output, is also available.) The pro- 
gramming machine blows the FPLA fuses in 
the pattern prescribed by the table. 

As an illustration of FPLA programming, con- 
sider a full adder. Figure 3 shows a TTL 
version (74LS80) and the corresponding logic 
equations. Note that the feedback of C n + ^ 
introduces a second propagation delay. In the 
FPLA this is eliminated by redefining 2 in 
terms of A, B, and C n , as shown in Figure 4, 
and using the right side of the equation for 
C n + 1 instead of the term itself. At first glance 
this would appear to require a minimum of 
three product terms for C n + ^ plus four for 2, 
or a total of seven. The Karnaugh maps, 
however, show considerable overlap between 
the two functions: the map for C n + 1 differs 
from that for 2 only by having A B C n instead 
of A B ©^. Rewriting-the equation for C n "+ ' j to 
introduce A B Cjj and eliminate A B C n , 

C n + 1 =ABC^ + ABC^ + ABC n + ABC^ 

increases the number of product terms by 
one, but now C n + 1 and 2 have three terms in 
common. Therefore, since the FPLA allows 
multiple use of product terms, it is sufficient to 
program each of the common terms only 
once; thus, the original seven product terms 
are effectively reduced to five. 

To fill in the programming table (Table 1), first 
allocate inputs and outputs. 



HO- 




r->- 



I = AC n ., ., + BC n + , + C n C n + , + ABC n 




^O 



C n* 



C„ f , = AC n + BC„ + AB 



Figure 3. Single-Bit Full Adder in TTL (e.g. 74LS80) 



1 = AC n + 
= ABC„ 



+ BC n + , + C n C n + , + ABC n 
ABC n + ABC„ + ABC. 



^ 




3 








1 


1 




1 




M 


1 




"^ 




v 1 = 


A 


ABC„ 


AC„ + BC n + AB 




= AB + AC n + BC n 


= ABC n + ABC„ + ABC n + ABC n 










L001330S 



Figure 4. Karnaugh Maps and Logic Equations for the Full Adder 

of Figure 3, Illustrating how the Equations are Reduced for 

the FPLA Implementation Shown in Figure 2 and Table 1 



Inputs: A = lo Outputs: C n + ^ = B 7 

B = I-, I =B 8 

C n = I2 2 = Bg 

Next, enter the product terms of 2 in the 
product-matrix (AND) part of the table, using 
H to indicate a true input and L a false one, 

• Term is A B C^: mark H, L, L in 
columns lo, h, I2 of row 

• Term 1 is A B Qj: mark L, H, L in 
columns l , I1, I2 of row 1 

• Term 2 is A B C n : mark L, L, H in 
columns l , h, I2 of row 2 

• Term 3 is A B C n : mark H, H, H in 
columns lo, l-i, I2 of row 3. 

Fill the rest of rows 0, 1 , 2, and 3 with dashes 
to indicate that all other inputs are to be 
disconnected from Terms 0,1,2, and 3 (fuses 
blown). 

The product terms of 2 must be added to 
form the sum-of-products required at output 



B9. Indicate the required addition by putting 
an A (for Attached, i.e. fuse unblown) in the 
Term 0, 1, 2, and 3 spaces of column B(0) g ; 
Term 4 is not required for 2, so put a dot in 
the Term 4 space to indicate that it is to be 
disconnected (fuse blown). To indicate that 
the output is to be AcTive-Tfigh; put an TTihlhe - 
polarity square above the B(0) 9 column. Fi- 
nally, fill row D 9 with dashes to indicate that 
all fuses on line Dg of the control matrix are to 
be blown and B g is to be a dedicated output. 
This completes the programming of 2. 

The 2 output on B 8 is programmed in just the 
same way, except that the polarity square 
above the B(0) 8 column is marked L to 
indicate Active-Low. (Note that in the FPLA, 
the 2 and 2 outputs change simultaneously, 
because all output signals traverse the exclu- 
sive-OR array (D), whether they are Active- 
High or Active-Low. In the TTL full adder 
shown in Figure 3, the output inverter delays 
the change of 2 with respect to X.) 
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Table 1. FPLA Programming Table Filled in for the Full Adder of Figure 2 
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The output C n + 1 on B7 contains three of the 
same terms as 2, plus the term ABCjj. Only 
this last term needs to be additionally pro- 
grammed in the product matrix: mark L, L, L in 
columns lo, l-i, I2 of the Term 4 row. Indicate 
the addition 

ABC^ + ABQj +ABC n + ABC7; 

by putting an A in rows 0, 1, 2, and 4 of 
column B(0)7, and show that Term 3 (A B C n ) 
is not required by putting a dot in the Term 3 
row to indicate disconnection (fuse blown). 
Put an L in the B(0) 7 polarity square to 
indicate Active-Low. 

Identifying B7 as a dedicated output by indi- 
cating that all the fuses to control term D 7 are 
to be blown, would now complete the pro- 
gramming of the full adder. However, a useful 
supplementary feature would be a Carry En- 
able function to keep the B 7 output buffer in 
the high-impedance state except when the 
enable input I3 is true. The output buffer is 
enabled when both the fuses of a control 
term are blown, or when one is blown and the 
term that controls the output buffer is true. 
Thus, a Carry Enable can be provided via the 
I3 input by leaving intact the fuse for Active- 
High operation of the enable signal to control 
term D 7 . To indicate this, put an H in the l 3 
column of row D 7 and fill the rest of the row 
with dashes. 

The full adder with output Carry Enable uses 
only four of the eight dedicated inputs, three 
of the ten programmable I/O pins, and five of 
the 32 AND gates. The remaining capacity 
can be used for programming other functions 
which may, if required, also make use of 
AND-gate outputs already programmed for 
the full adder. 

All fuses not indicated as blown in the pro- 
gramming table are normally left intact to 
preserve capacity for later program revisions 
or the addition of supplementary functions. If 
it is essential to minimize propagation delay, 
however, the finalized program should include 
instructions for blowing all unused fuses to 
minimize load capacitance. 



FPLS PLS155-PLS157-PLS159 
Architecture 

The FPLS (Figure 5) is the most complex of 
the Series 20 PLD devices. Like the FPLA, it 
has a 32-term product matrix followed by an 
OR matrix. In the FPLS, however, the OR 
matrix is larger and comprises three distinct 
parts, with architecture differing in detail from 
type to type. In the PLS1 55, for instance, the 
first part consists of eight 32-input gates 
coupled, like those of the FPLA, to an output- 
polarity-controlling exclusive-OR array. The 



second consists of twelve additional gates 
which control four flip-flops. These are what 
give the FPLS its sequential character, en- 
abling it to dictate its next state as a function 
of its present state. The third part is the 
deceptively simple Complement Array (I in 
Figure 5): a single OR gate with its output 
inverted and fed back into the product matrix. 
This enables a chosen sum-of-products to 
become a common factor of any or all the 
product terms and makes it possible to work 
factored sum-of-products equations, it is also 
useful for handshaking control when interfac- 
ing with a processor and for altering the 
sequence of a state machine without resort- 
ing to a large number of product terms. 

PLS155 has four dedicated inputs and eight 
programmable I/O pins that can be allocated 
in the same way as in the FPLA. It also has 
four shared I/O pins (L) whereby the flip-flops 
can be interfaced with a bidirectional data 
bus. Two product terms, La and Lb in the 
control matrix F, control the loading of the 
flip-flops, in pairs, synchronized with the 
clock. 

Figure 6 shows the architecture of the flip-flop 
circuitry in the PLS155. The flip-flops are 
positive-edge-triggered and can be dynami- 
cally changed to J-K, T, or D types according 
to the requirements of the function being 
performed; this considerably lessens the de- 
mands on the logic. The Tri-state inverter 
between the J and K inputs governs the 
mode of operation, under the control of the 
product term F: 

• When the inverter is in the high- 
impedance state, the flip-flop is a J-K 
type, or a T type when J = K. 

• When the inverter is active, K = J and 
the flip-flop is a D type; the K input 
must then be disconnected from the 
OR matrix. 

All the product terms from the product matrix 
(T to T31 in Figure 5) are fuse-connected to 
the J and K input OR gates, if both fuses of 
any one product, term .are left intact, J = K 
and the flip-flop is a T type. 

The flip-flops of the PLS155 have asynchro- 
nous Preset and Reset controlled by terms in 
the OR matrix that take priority over the clock. 
Their three-state output buffers can be con- 
trolled from the enable pin OE or permanently 
enabled or disabled by blowing fuses or 
leaving them intact in the enable array (K in 
Figure 5). 

The PLS157 and PLS159 sequencers have, 
respectively, six and eight flip-flops. The ar- 
chitecture differs in detail but is similar in 
principle to that of PLS155. 



Programming 

The FPLS is programmed in much the same 
way as the FPLA, using a table to instruct the 
machine that blows the undesired fuses. It is 
not necessary to work with a circuit diagram; 
in fact, it is even undesirable to do so, since 
applying the necessary logic reduction tech- 
niques would in most cases make the dia- 
gram difficult to read and more a hindrance 
than a help. An example of how to program 
the FPLS as a universal counter/shift-register 
is given in the Appendix. 



DEVELOPMENT AND 
PRODUCTION ECONOMY WITH 
PLD 

Underlying the design philosophy of the 
Signetics Series 20 PLD is the concept of 
programmable arrays whose architecture em- 
ulates logic equation formats rather than 
mere aggregations of gates. The unique com- 
bination of features which support this philos- 
ophy includes: 

• double-buffered true and complement 
inputs 

• programmable-polarity outputs 

• programmable I/O for internal feedback 
and maximum freedom in allocating 
inputs and outputs 

• truth-table programming format 

These features are common to all the PLD 
devices. In the field-programmable logic se- 
quencers they are further supported by: 

• flip-flops with dynamically alterable 
operating modes 

• a complement array for simplified 
handshaking control 

From the development engineer's point of 
view an important advantage of PLD is that it 
eliminates breadboarding. Once the functions 
required in terms of minimized logic equations 
are worked out, a PLD can be programmed 
accordingly. Once programmed, it will per- 
. form those functions, 

Loading the instructions into the program- 
ming machine usually takes no more than a 
couple of hours; after that, the machine can 
program the devices at a rate of 100 an hour. 
Moreover, since any PLD can be pro- 
grammed in many different ways, PLD has 
considerable potential for simplifying pur- 
chasing and stock control. One type of device 
can be programmed to perform a diversity of 
tasks for which it would otherwise be neces- 
sary to purchase and stock many different 
devices. 

Series 20 PLD is second-sourced by Harris 
Semiconductor. 
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Figure 6. Architecture of the PLS155 Flip-Flop Circuitry 



APPENDIX 

Programming an FPLS as a 
Counter/Shift-Register 

Objective: to program a PLS155 FPLS as a 
count-up, count-down, shift-right, shift-left 
machine governed by three control 
terms -COUNT/SHIFT, RIGHT/UP, LEFT/ 
DOWN. Directlmplementation would result in 
a machine with 64 state transitions (see Table 
A-1), which is beyond the scope of the 
PLS155 or even the 28-pin PLS105. Logic 
reduction is therefore necessary. 

As there are only four feedback variables (D, 
C, B, A), you can do the reduction by hand, 
one mode at a time; the control terms need 
not be included till the summary equations 
are written. Using the transition mapping 
method suggested here, you can examine the 
excitation equations for all types of flip-flops 



(R-S, J-K, D, T) and choose those types that 
will perform the required functions using the 
fewest product terms. Table A-2 summarizes 
the rules for flip-flop implementation using 
transition maps; the transition symbols used 
in the table mean: 



PRESENT 
STATE 


NEXT 
STATE 


TRANSITION 
SYMBOL 




1 

1 



1 

1 



a 

& 
1 



Using these symbols, construct Table A-3 
from Table A-1 to enable you to examine the 
excitation equations for all types of flip-flops. 
Proceeding one mode at a time, transfer the 
state conditions from Table A-3 to Karnaugh 
maps, as in Figure A-1 . Following the rules in 



Table A-2, derive the excitation equations for 
the different types of flip-flops (the examples 
shown in Figure A-1 omit the T type because 
it is the same as the J-K type when J = K). In 
deciding which types of flip-flop to use, re- 
member that logic minimization with PLD is 
different from logic minimization with 'random 
logic': with random logic you seek to reduce 
the number of standard packages required; 
with PLD you seek to reduce the number of 
product terms. 

From Figure A-1 it is evident that you should 
choose J-K or T flip-flops for the counter 
mode and D flip-flops for the shift mode, for 
you then require only one product term per 
flip-flop per mode. Table A-4 summarizes the 
number of product terms per mode the vari- 
ous types of flip-flops would require. 

Table A-5 shows the completed programming 
table for the counter/shift-register. The pro- 
gramming of Terms to 1 5 reflects the flip- 
flop excitation equations and illustrates the 
value of being able to switch the flip-flops 
dynamically from one type of operation to 
another. Terms 16, 17 and 18, respectively, 
provide for INITIALIZE, asynchronous RE- 
SET, and STOP functions. 

The programming of the two additional inputs 
HALT and BUSY illustrates the value of the 
complementary, which is made active when 
HALT and BUSY are Low (A in the Comple- 
ment square of Term 18) and propagated into 
all the other terms (dot in the Complement 
squares of Terms to 17). This means that 
unless the HALT and BUSY inputs are High, 
none of the product terms will be true and the 
state of the machine will not change. If the 
Complement Array were not used, twice the 
number of product terms would be required, 
even if one of the additional inputs were 
omitted. 

As it is, the design uses only 19 of the 32 
product terms available, so there is ample 
capacity for extending its capabilities. For 
example, the shift-left function can be aug- 
mented by a- binary- multipHeaftOfv capabHity, 
using a D type flip-flop to make it shift one, 
two, or three places according to the state of 
two extra inputs, X and Y. Table A-6 shows 
the revised programming table. The binary 
multiplication function occupies nine addition- 
al product terms. 
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Table A-1. Present-State/Next-State Table for Counter/Shift-Register 
















STATE 
NO. 


PRESENT 
STATE 


NEXT STATE 


Count Down 


Count Up 


Shift Left 


Shift Right 




D C B A 


D C B A 


D C B 


A 


D 


c 


B 


A 


D 


C B A 








1111 





1 




















1 


1 





1 











1 





1 





2 


10 


1 


1 


1 





1 











1 


3 


11 


10 


1 








1 


1 





1 


1 


4 


10 


11 


1 


1 


1 














1 


5 


10 1 


10 


1 1 





1 





1 





1 


1 


6 


110 


10 1 


1 1 


1 


1 


1 











1 1 


7 


111 


110 


1 





1 


1 


1 





1 


1 1 


8 


10 


111 


1 


1 











1 





1 


9 


10 1 


10 


1 1 











1 


1 


1 


1 


10 


10 10 


10 1 


1 1 


1 





1 





1 





1 1 


11 


10 11 


10 10 


1 1 








1 


1 


1 


1 


1 1 


12 


110 


10 11 


1 1 


1 


1 


o 


Q 


1 





1 1 


13 


110 1 


110 


1 1 1 





1 





1 


1 


1 


1 1 


14 


1110 


110 1 


1 1 1 


1 


1 


1 





1 





1 1 1 


15 


1111 


1110 








1 


1 


1 


1 


1 


1 1 1 


CONTROL TE 


RMS 


1 1 


















COUNT/SHIR 


RIGHT/UP 


1 













1 




LEFT/DOWN 


1 




1 














Table A-2. Rules for Flip-Flop Implementation Using Transition Maps 



FLIP-FLOP 
TYPE 


INPUT 


MUST 
INCLUDE 


MUST 
EXCLUDE 


REDUNDANT 


R-S 

D 
T 
J-K 


S 

R 
D 
T 
J 
K 


a 



a,1 

a, P 

a 




00 
a,1 
0,0 
0,1 


1 


1,x 
0,x 

X 
X 

1,0,x 
0,a,x 



B 



November 1986 



9-23 



Signetics Application Specific Products 



Application Note 



Introduction To Signetics Programmable Logic 



AN8 



Table A-3. Transition Table for Counter/Shift-Register 


















STATE 
NO. 


PRESENT 
STATE 


TRANSITION 


Count Down 


Count Up 


Shift Left 




Shift 


Right 




D C B A 


D C B A 


D 


C B A 


D 


C B 


A 


D 


C 


B A 








a a a a 





0a 




















1 


1 


(3 





a /3 





a 





a 








2 


10 


a 





1 a 





a /3 











a 


3 


11 


1/3 





a /3 /3 





a 1 





a 





1 


4 


10 


j3 a a 





1 a 


a 


P o 











a 


5 


10 1 


1 (3 





1 a /3 


a 


a 





a 





a 


6 


110 


10a 





1 1 a 


a 


1 P 











1 a 


7 


111 


11/3 


a 


/J P P 


a 


1 1 





a 





1 1 


8 


10 


j3 a a a 




0a 








a 





a 





9 


10 1 


10 0/3 




a /3 





a 


1 


1 


a 





10 


10 10 


10 0a 




1 a 


P 


a 


a 





a 


a 


11 


10 11 


10 1/3 




a /3 /3 


P 


a 1 


1 


1 


a 


1 


12 


110 


1 /3 a a 




1 a 


1 





a 





1 


a 


13 


110 1 


110/3 




1 a /3 


1 


a 


1 


1 


1 


a 


14 


1110 


1 1 /3 a 




1 1 a 


1 


1 


a 





1 


1 a 


15 


1111 


111/3 





P P 


1 


1 1 


1 


1 


1 


1 1 



Table A-4. Number of Product Terms Required for Counter/Shift-Register 
Flip-Flop Excitation 



FLIP-FLOP 
TYPE 


COUNT 
UP 


COUNT 
DOWN 


SHIFT 
RIGHT 


SHIFT 
LEFT 


TOTAL 


SR only 
JK only 
D only 
FPLS 


8 
4 
10 
4(J-K) 


8 
4 
10 
4(J-K) 


8 
8 
4 
4(D) 


8 
8 
4 
4(D) 


32 
24 
28 
16 



COUNT UP 

® B ® 



© 



(S) 



a 


P 


*U 


}° 





a)p 


1 







Old 







ololo 





a 


P 


p\a 





ttifi 


1 


1 


1 p 


1 


olo 


a 





a 


P 


fi\a 





aip 


1 


1 


1 


p 1 


1 


1 


P 


1 


a 


P 


p\a 





a\p 


1 








<i|o 


1 


1 


1 


1 



A 


AB 




ABC 






ABCD 


A 


AB 




ABC 






ABCO 


1 


A 




AB 






ABC 


1 


A 




AB 






ABC 


A 


AB + AB 


ABC 


+ BC + 


AC 


ABCD 


+ CD + BD + AD 



SHIFT RIGHT 

® B 



© 



© 



p 1 la 
p 1 a 
P 1 a 
p 1 a 


1 


i a 1 1 
J a 1 1 

> o p t 


ol 

P 


oiolc 
p\p t 

1 1 1 

a \a c 


( 
( 
t 
I 


a a 
a a 
1 1 p 

1 1 |1 P 



COUNT DOWN 

® B ® 



© 



© 



a pip c 
a p P c 
a p p e 
a p p c 


c 
c 

-}d i 


01110 

i \p 

1 P] 
1 p 




a 10 10 

pU i 

a|0 



1 
1 



a 



1 1 1 
P 1 1 




1 
1 



A 


AB 




ABC 






ABCD 


A 


AB 




ABC 






ABCD 


1 


A 




AB 






ABC 


1 


A 




AB 






ABC 


A 


AB + AB 


ABC 


+ AC + 


BC 


ABCD 


+ CD + AD + BD 



SHIFT LEFT 

® B ® 



© 



© 






P 


P 





}" 





a 


1 


P 







« 


a 




J0|0 








P 


P 








a 


1 


P 


P 


m 


1 


a 


a\a 


a 


a 


1 


1 


a 





a 


1 


P 


P 


p 1 


1 


P 


1 1 
P P 


1 
P 


a 


1 


1 


a 





a 


1 


P 





a 


a 



Figure A-1 Karnaugh Maps and Flip-Flop Excitation Functions for the Counter/Shift-Register 
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Table A-5. PLS155 FPLS Programming Table for the Counter/Shift-Register 

































F/FTYPE 




E B = AE A = A 
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H 
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X-l 

o 
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o 
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> I" 1 


L 


H 


H 


L 


> cc 


ud 


IT 






































6 


» L 


L 


H. 


H 


L 




u 


P 












H 


H 


- 





















A 


7 


» L 


L 


H 


H 


L j 
















H 


H 


H 























A 


8 


> L 


H 


L 


L 


U 












































ex 




9 


. L 


U 


L 


L 


L 1 


\ SH 


IF 


T 












































< • 

I" 


10 


> L 


H 


L 


L. 


L 


- 


IS 


FT 










































11 


» L 


H 


L 


L 


L 1 












































111 
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12 
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H 


- 
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- 


- 


- 


- 


- 


_ _ _ _ _ A 


13 


. L 


L 


h|l 


L^ 


SH 


IF 


T 


- 


- 


- 


- 


H 


- 


- 


- 


- 


H 
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Table A-6. Modified 
Binary Multiplier 



PLS155 FPLS Programming Table for the Counter/Shift-Register With the Addition of a 
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INTRODUCTION 

Using the PLS153 or PLS153A, a 4-bit binary- 
to-7 segment decoder may be easily con- 
structed. This paper will cover Hex-to-7 seg- 
ment decoder, BCD-to-7 segment decoder, 
decoder with latches, and decoder with multi- 
plexer. The architecture of PLS153/153A is 
basically an AND-OR matrix. The large num- 
ber of inputs of each AND term is ideal for 
decoder applications, and the ability to drive 
the entire OR array makes possible the effi- 
cient use of AND terms such that, together 
with the programmable output polarity, a 
minimum number of AND terms is needed to 
implement the decoder function. Another im- 
portant feature of the PLS1 53/1 53A architec- 
ture is the 10 bidirectional I/O pins. The 
bidirectionality of these pins provides internal 
feedback to the AND matrix, which eliminates 
the need for external wiring and, more impor- 
tantly, it saves I/O pin requirements. All I/O 
pins of the PLS153/153A have tri-state out- 
put buffers, each may be enabled or disabled 
by its own controlling AND terms. In applica- 
tions where high current drive is necessary 
but low power consumption is still desirable, 
the AND term controlled tri-state buffers are 
ideal for multiplexing. The LED display may 
be driven at a higher current and lower duty 
cycle to get better brightness/current effi- 
ciency and reduce the overall power dissipa- 
tion. 



DESCRIPTION 

Hex-To-7 Segment Decoder 

A 7 segment display (Figure 1 ) may be used 
to represent a hexadecimal number as shown 
in Table 1. The format serves merely as an 
example. Some designers may prefer other 
configurations, particularly for letters B and D. 
Before implementing the truth table with pro- 
grammable logic devices, one has to decide 
whether the outputs should be Active-High or 
Active-Low. If a moderate drive current of 
15mA or iess is needed, and if a common 
anode LED 



display is used, then an Active-Low output 
configuration is sufficient. On the other hand, 
if only a common cathode LED display is 
available and the current drive requirement is 
not very critical, an Active-High output config- 
uration may be used. The change of output 
polarity may be easily affected by putting in 
the POLARITY section 'H' for Active-High 
and 'L' for Active-Low. Since the output 
polarity is programmable, one may choose to 
describe the logic in terms of outputs equal to 
'1's or outputs equal to '0's. 



E^<h 



-M 1 
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L M<- 
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Figure 1. 7 Segment Decoder Driving a Common Anode LED Display 
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Figure 2. 


Pin 


List of Binary-t< 


j-7 Segment Decoder 




NOTE: 

PLSXXX and 82SXXX are interchangeable part numbers. 
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Table 1. Truth Table of Hex-to-7-Segment Decoder 
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Table 2. H/L Programming Table for Binary-to-7-Segment Decoder 
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Table 3. H/L Programming Table for Binary-to-7 Segment Decoder 
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* This circuit converts a 
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-bit binary code ( HEX 
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* a 7-segment 
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anode 7-segment LED. « 
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Figure 


3. Boolean Equation for Binary-to-7 Segment Decoder 
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SLOB I C EQUATION 
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el/O DIRECTION 150/1, 152/3, 154-9 

* OUTPUTS ARE ENABLED WHEN /OE GOES LOW. ♦ 

* THEREFORE, D1...D7 = /(/OE) = OE ; * 



Dl 



OE 



* END OF LOGIC EQUATIONS * 



Figure 3 (Continued) 



In this example, an Active-Low output goes 
Low when a segment is to be turned on. The 
truth table shown in Table 1 is translated into 
an H/L programming table as shown in Table 
2. Since the LED display used here is com- 
mon anode, the output polarity of each output 
pin is programmed "L" so that an output 
goes low when a segment is to be turned on. 
The decoder takes 1 6 AND terms. Notice that 
all outputs go Low when input equals "8". If 



the logic is written for "Os" instead of "1s", 
one AND term could be saved. Table 3 shows 
that the same circuit may be implemented by 
using only 15 AND terms. Notice that the 
polarity is the reverse of that of Table 2. The 
outputs may be turned on and off by I7, /OE, 
which controls the 7 tri-state output buffers 
through control terms (AND terms D^ to D7). 
The same design is also implemented using 
Boolean equations with AMAZE. Figures 2 



through 4 are, respectively, pin list, logic 
equations, and logic simulation results of the 
hex-to-7 segment decoder circuit generated 
by AMAZE. Table 4 is the H/L table generat- 
ed by AMAZE. In the process of generating 
Boolean equations for the decoder, common 
product terms are used to economize the 
usage of AND terms. 
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Table 4. H/L Table Generated by AMAZE for 
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B2S153 A:7decol53.STD 

" 4-bit binary to 7-segroent decoder simulation 



INPUTS 


<=B<I/0)=> 


TRACE TERMS 
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. . LLLLLLH. 
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..HLLHHHH. 
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..LLLLHHL. 
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OOOOOlOl 
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. -LHLLLLL. 




OOOOOlll 


. . LLLHHHH. 
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. .LLLLLLL. 
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..LLLLHLL. 
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..LLLHLLL. 
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..HHLLLLL. 
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..LHHLLLH. 




O0O01101 


..HLLLLHL. 




00001110 


..LHHLLLL. 




OOOOllll 


..LHHHLLL. 























IIBBBBBBBI DESIGNATED I/O USAGE 
IIBBBBBBBI ACTUAL I/O USAGE 

PIN LIST. . . 
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Figure 4 



############**#*###** 
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L I 


S T ##################### 
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*» FNC **F 






- PIN»» FNC 


*» LABEL 
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** I »# 


1-! 




-20 »« +5V 
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*# I #* 
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#♦ I ** 


3-: 




-IB *» B 
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**/SEG A 
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**/SEG B 
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#» I ** 
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-15 ** B 


*»/SEG C 
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♦* I ** 


7-: 
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-14 *» /B 


**/SEG D 




/OE 




*» I ** 


8-1 


5 


-13 ** /B 


**/SEG E 




N/C 




** B ** 


9-: 


3 


-12 »* /B 


**/SEG F 




GND 




»* OV ** 


10-! 




-11 ** /B 


**/SEG_G 




Figure 5. 


Pin 


List of Binary-to-7 Segmen 


t Decoder C 


Jenerated by 


AMAZE 



BCD-To-7 Segment Decoder 

Using the same principle as in the previous 
example, a BCD input may be converted to a 
7 segment display. If the input will always be 
within the range of OOOOB to 1001B, the 
design will take ten AND terms to implement 
the decoding function. But if the display of an 
error message is desired when input exceeds 
1001B, the design shown in Figures 5 and 6 
and Table 5, may be used. Alternatively, the 
error message "E" will be displayed if the 
input does not equal anything between OOOOB 
and 1001B inclusively. The circuit used to 
detect that none of the ten AND terms being 
true is shown in Figure 7 where if the input is 
outside of the range of OOOOB to 1 001 B, none 
of the terms ZER to NIN will be active, which 
in turn causes the output of the NOR term to 
be High. The High output then causes the 
"E" term to be active and thus an output "E" 
is displayed. This scheme takes two propaga- 
tion delays before "E" is displayed but only 
one delay for "0" to "9" to be displayed. The 
circuit shown in Figure 7 is implemented as 
shown in Table 4, column B(O) of terms to 
9, and term #11. The output B(O) becomes 
High when terms to 9 are inactive, 
(T + Ti + T 2 + T 3 + T 4 + T 5 + T 6 + T 7 + T 8 
+ T 9 j = where T is term #0, T-| is term 
#1, T 2 is . . ., etc. B(0)o is then fed back to 
the input of term #11 which, when active, 
causes outputs B and C to be High, segments 
B and C to turn off and the other segments to 
turn on. Term #10 is left blank to separate 
the main decoding function and the feedback 
function for the sake of clarity of this demon- 
stration. A similar feature (the COMPLEMENT 
ARRAY) may be found in PLS1 55/1 57/1 59 
where the feedback path is buried inside the 
chip without having to use up one I/O pin. 
Notice that this feature greatly reduces the 
number of AND terms needed. But for device 
architectures which do not allow common 
AND terms, this logic minimization will not be 
possible. Figure 8 and Table 6 implement 
design with AMAZE. The circuit is then simu- 
lated as shown in Figure 9. 
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©DESCRIPTION 






















************************************************************************** 


* This 


circuit converts a 4-bit 


BCD 


code into a 


7- 


-segment display. * 


* The display 


is 
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common anode 
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* The output o-t 
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Figure 6. Boolean Equations for BCD-to-7 Segment Decoder for AMAZE 
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@LOGIC EQUATION 

/SEG_A = ONE + FOU + AAA 

/SEG_B = FIV + SIX 

/SEG_C = TWO 

/SES_D = /( ZER + TWO + THR 

/SEG_E = /( ZER + TWO + SIX 

/SEG_F = /( ZER + FOU + FIV 

/SEG_G = /( TWO + THR + FOU 

@I/0 DIRECTION 150/1, 152/3, 

♦WW**************-************ 

* OUTPUTS ARE ENP 

* THEREFORE, Dl.. 
#*#********#********#***■*•***■* 

Dl = OE 
D2 = OE 
D3 = OE 
D4 = OE 
D5 = OE 
D6 = OE 
D7 = OE 



it-**************************** 
* END 



Figure 6 (Continued) 




Figure 7. Complement Array — "None of the Above" Detection Circuit 
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Table 5. H/L Table for BCD-to-7 Segment Decoder Generated by AMAZE 



Cust/Project — *********************** DAVID K. WONG 
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©DESCRIPTION 
























************************************************************************** 


* This 


circuit 


converts a 4— bit 


BCD code 


into a 


7- 


segment display. * 


* The display 


is a 


common anode 


7- 


-segment 


LED. 
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* The output o-f the 82S153 goes 


LOW -for each 


segment 


that is ON. * 


************************************************************************** 
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ZER = /z 
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ONE = /z 
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/x * 


w ; 




















TWO = /z 
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/w ; 




















THR = /z 


* /y * 
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w ; 




















FOU = /z 
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/x * 


/w _._;_ 




















FIV = /z 
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w ; 
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/w ; 
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/w ; 
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Figure 8. Boolean Equation for BCD-to-7 Segment Decoder 
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©LOGIC EQUATION 



* When input is greater than 9, OVR ( Over Range ) will go HIGH, WHICH * 

* will be -fed-back to the AND array to control the segments. * 

* Here the OVR pin and the feedback loop is used as COMPLEMENT ARRAY. * 

* The COMPLEMENT ARRAY saves 5 P-terms but loses one I/O pin. * 



+ FIV + SIX + SEV + EIG + NIN ) ; 



OVR = /( 


ZER 


+ ONE + TWO 


+ THR 


+ F( 


/SEG A = 




ONE + FOU 






/SEG B = 




FIV + SIX + 


OVR 




/SEG C = 




TWO + OVR 






/SEG D = 




ONE + FOU + 


SEV 




/SEG E = 


/( 


ZER + TWO + 


SIX + 


EIG 


/SEG F = 




ONE + TWO + 


THR + 


SEV 


/SEG 6 = 




ZER + ONE + 


SEV 





OVR 



@I/0 DIRECTION 150/1, 152/3, 154-9 

* OUTPUTS ARE ENABLED WHEN /OE GOES LOW. * 

* THEREFORE, D1...D7 = /(/OE) = OE ; * 

Dl = OE 
D2 = OE 
D3 = OE 
D4 = OE 
D5 = OE 
D6 = OE 
D7 - OE 



* END OF LOGIC EQUATIONS * 



Figure 8 (Continued) 
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82S153 A:bcd77153.STD 
u yhg-f ikuhy-f ouiy 



INPUTS <=B<I/0>=> 
76543210 9576543210 



00000000 
OOOOl 111 
10001111 
OOOOOOOO 
O10OOOO1 
01000010 
01000011 
OIOOOIOO 
01000101 
01000110 
01000111 
OIOOIOOO 
01001001 
01O01010 
01001011 
01001100 
01001101 
01001110 
01001111 
11001111 
100O0OOO 



. . LHHLLLLH 
H 

, . LLLLLLHL 

. HLLHHHHL 
, . LLHLLHLL 

. LLLLHHLL 
. . HLLHHLLL 

. LHLLHLLL 
, . LHLLLLLL 

. LLLHHHHL 
, . LLLLLULL 

. LLLLHLLL 
. . LHHLLLLH 

. LHHLLLLH 
, . LHHLLLLH 

. LHHLLLLH 
, . LHHLLLLH 

. LHHLLLLH 
, H 



TRACE TERMS 



X I/O CONTROL LINES 

IIBBBBBBBO DESIGNATED 1/0 USAGE 
IIBBBBBBBO ACTUAL I/O USAGE 

PIN LIST... 

OS 07 06 05 04 03 02 01 19 18 17 16 15 14 13 12 11 09 ; 

TBCmsos 

Figure 9. Simulation Results of H/L Table 



BCD-To-7 Segment Decoder 
with Output Latches 

Output latches may be constructed by using 
the bidirectional l/Os of PLS153/153A as 
shown in Figure 10. When /LE (iatch enable) 
is High, the output equals the input. But when 
/LE is Low, the output is latched. Changing 
the input will not effect the output. Segments 
a and e are used to illustrate the decoding 
and latch circuit as shown in Figures 1 1 and 
12 which are expressed in H/L format as 
shown in Table 8. The complete design of the 
decoder is shown in Figures 13 and 14 and 
Table 7. With the output latches, the circuit 
cannot be tri-stated since the tri-state condi- 
tion will interrupt the feedback path. An alter- 
native approach is shown in Figure 1 5 where 
the display is a common cathode, the seg- 
ment drivers are always on and the duty 
cycling is implemented with a digit driver 
which pulls the common cathode of the 
display to ground as the input "Duty Cycle" 
goes High. A common practice is to drive the 
segments with 10 time the desired DC current 
and drive the digit with a 10% duty cycle 
pulse. The H/L implementation is as shown in 
Tables 9 and 10. The "Duty Cycle" control 
inout is aenerated externallv. 
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H£ 



O 



O 



Q 



Figure 10. Block Diagram Of A Simple D-Latch 



« OUTPUT 






DO U 



D— D— > 



Figure 11. Segment-A Latch Circuit 
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-te 



HE 



-ts 



-ts 



-ft! 






I..- ■— ^^f 



apooooo 



<i — (► 




Figure 12. Segment-E Latch 





#*################### 


P I 
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L I 


S T 


####*#*#*#####*###*## 




LABEL 


** 


FNC 


**PIN - 






- PIN** 


FNC 


** LABEL 




W 




** 




** 


1- 






-20 


** 


+5V 


**VCC 




X 




** 




** 


2- 






-19 


** 


B 


**N/C 




Y 




** 




** 


3- 






-18 


** 


B 


**N/C 




Z 




*# 




** 


4- 




8 


-17 


** 





**/SE6 A 




N/C 




** 




*+ 


5- 




2 


-16 


** 





**/SEG B 




N/C 




** 




** 


6- 




S 


-15 


** 





**/SE6 C 




/LE 




** 




** 


7- 




1 


-14 


** 





**/SEG D 




N/C 




** 




** 


8- 




5 


-13 


** 


/o 


**/SEB E 




OVR 




*■* 


/O 


** 


<?- 




3 


-12 


** 





**/SEG F 




GND 




** 


OV 


** 


10- 






-11 


** 





**/SEG_G 




Figure 


13. 


Pin L 


st of BCD- 


to- - 


r Seg 


nent Decoder with Latches 
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©DEVICE TYPE 

82S153 

SDRAM I N6 

*********************** BCD-TO-7 SEGMENT DECODER 

SREVISION 

*********************** REV. - 

9DATE 

*********************** OCT 1 , 1984 

9SYMB0L 

*********************** FILE ID: BCD7L153 

SCOMPANY 

*********************** SIGNETICS 

8NAME 

*********************** DAVID K. WONG 

SDESCRIPTION 

************************************************************************** 

* This circuit converts a 4-bit BCD code into a 7-segment display. * 

* The display is a common anode 7-segment LED. * 

* The output o-f the 82S133 goes LOW for each segment that is ON. * 

* The outputs are latched when /LE goes LOW. * 
**********************************»»»*»»»»**»**»»**»»♦»*»*♦»*«*»»»»»♦»»*»» 

TRUTH TABLE 



Display E (error) 



o 

O 1 



@COMMON PRODUCT TERM 



ZER 


« 


/z 


* 


/y 


* 


/x 


* 


/w 


* 


/LE 


ONE 


= 


/z 


* 


/y 


* 


/x 


* 




* 


/LE 


TWO 


= 


/z 


* 


/y 


* 


X 


* 


/w 


* 


/LE 


THR 


= 


/z 


* 


/y 


* 


X 


* 




* 


/LE 


FOU 


= 


/z 


* 


y 


* 


/x 


* 


/w 


* 


/LE 


FIV 


= 


/z 


* 


V 


* 


/x 


* 




* 


/LE 


SIX 


= 


/z 


* 


y 


* 


X 


* 


/w 


* 


/LE 


SEV 


= 


/z 


* 


y 


* 


X 


* 




* 


/LE 


EIG 


= 


z 


* 


/y 


* 


/x 


* 


/u 


* 


/LE 


NIN 


= 


z 


* 


/y 


* 


/x 


* 




* 


/LE 



it************************************************************************ 
* Feedback circuits to -form D-latches. * 

**************************************************»»«»*»**»»»*»»»♦**»*#♦»» 

TBOT 

Figure 14. Boolean Equation of BCD-to-7 Segment Decoder with Latches 
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= l_E * /SEG_A 
= LE * /SE6_B 
= LE * /SES C 



/SEG_ 
/SEG 



©LOGIC EQUATION 



"Note that in LOGIC EQUATION definition, SE6_E 
inverted. Therefore, the -feedback for E has tc 
be inverted too." 



************************************************************************** 

* When input is greater than 9, OVR < Over Range ) will go HIGH, WHICH * 
» will be fed-back to the AND array to control the segments. * 

* Here the OVR pin and the feedback loop is used as COMPLEMENT ARRAY. * 

* The COMPLEMENT ARRAY saves 5 P-terms but uses up one I/O pin. * 
Hi.************************************************************************ 



SIX + SEV + EIG + NIN + LE ) 



OVR = /( 


ZER 


+ ONE 


+ Tl> 


JO 


+ Th 


1R 


+ F 


/SEG A = 




ONE + 


FOU 


>- 


AL 






/SEG B = 




FIV + 


SIX 


- 


UVK 


+ 


tsu 


/SEG C = 




TWO + 


OVR 


+ 


CL 






/SEG D = 




ONE + 


FOU 


+ 


SEV 


+ 


DL 


/SEG E = 


/( 


ZER + 


TWO 


+ 


SIX 


+ 


EIG 


/SEG F = 




ONE + 


TWO 


+ 


THR 


+ 


SEV 


/SEG G = 




ZER + 


ONE 


+ 


SEV 


+ 


6L 



SI/0 DIRECTION 

************************************************************************** 
* END OF LOGIC EQUATIONS * 

************************************************************** 



Figure 14 (Continued) 
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Table 7. H/L Table of BCD-to-7 Segment Decoder with 


Latches 














Cust/Proj 


set 


_ 


*********************** DAVID 


<. WONG 






Date 








- *********************** OCT 1 , 


1984 






Rev/ 1 


. D. 
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*********************** REV. - 
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Table 8. BCD-to-7 Segment Decoder Using Complement Array 
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Table 9. Segments A and E with Latches 
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Table 10. H/L Table of BCD-to-7 Segment Decoder with Latches with Outputs Active-High 
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PLD Programmable 
Retriggerable One-Shot 



Application Note 



Author: David Wong 

FEATURES 

• Programmable pulse-width/delay 

• Maximum 256 clock cycles 

• Asynchronous TRIGGER input 

• Active-High and Active-Low outputs 

• Asynchronous RESET 

• 20-pin package 



THEORY OF OPERATION 

The one-shot consists of an FPLS PLS159 
and an external clock which may be part of 
the system in which this one-shot is to work. 
As shown in Figure 1 and Table 1 the FPLS is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. Since 
the input data is inverted before it is loaded 
into the registers, counting from the comple- 



ments of the input to FF will give the correct 
number of counts as counting from the input 
down to 00. 

Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1's (terms 
PB and PA). At the rising edge of the next 
clock, data is latched into the registers (terms 
LB and LA). When /TRIG goes Low, it is 
latched into the input latch formed by term # 
0, 1, 2 and 13. The output Oi of the latch 
goes High and O2 goes Low which enables 
the 8-bit counting cycle. The C^ and /O^ will 
maintain their output levels until the end of 
the counting cycle at which time the counter 
reaches the count FF, resets the latch by 
term # 13, and sets O2 High. At the rising 
edge of the next clock, terms LA and LB 
cause data to be loaded again into the 
registers, and the device is ready for another 
/TRIG input. The output wave-forms are illus- 



If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the de- 
vice will react as mentioned above, and at the 
end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. Oi a , on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
Oi a will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output Og wi!! pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 

The one-shot is implemented by program- 
ming the PLS159 as shown in Table 1. The 
logic representation of the program is shown 
in Figure 3. 



TRIG >- 



SYSTEM CLK >- 
RESET >- 



3> 



H> 




©■ 




CK P LOAD 



£— 



Figure 1. Programmable Retriggerable One-Shot 
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Table 1. PLS159 FPLS Program Table 
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COMMENTS: 

This one-shot will load data at the end of the count cycle. If TRIG pulse- width is longer than the count cycle, output B3 will go Low for one clock period and go High again for another 
count cycle. Outputs B 2 and B stay Low and High respectively until TRIG goes High and count cycle is completed without interruption. 
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PLS159 Programmable One-Shot 





Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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Figure 3. Logic Representation of Table 1 
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INTRODUCTION 

The Low Cost Programmer (LCP) is designed 
to provide the user with a low cost alternative 
to program Signetics' PLD 20-pin series pro- 
grammable logic devices. This system is a 
peripheral device which is to be controlled by 
a computer running Signetics software, 
AMAZE, or by a terminal. The LCP is con- 
nected to the host computer via the RS232 
interface and will accept ASCII codes. The 
data transfer rate can be either 9600 or 4800 
baud. The LCP system clock is 4800 baud. 
The basic measure of time in the system is in 
units of 13^s. After every fuse is pro- 
grammed, the LCP will automatically perform 
a verification cycle and feed data back to the 
computer. The system can be set to TEST 
mode which causes the outputs to cycle 
through the fusing sequence in an endless 
loop. 



THEORY OF OPERATION 

A block diagram of the LCP is shown in Figure 
1. U1 generates the 9600 baud clock for U3 
(UART) and the 4800 baud clock for the rest 
of the system. When data is transferred into 
U3, it is put on the system bus. U1 generates 
IDAV which enables the rest of the system to 
react to the input. Since each device can 
decode the input instruction, very few con- 
trols are necessary. 

Figure 2 shows the system instruction set. 
Each consists of seven bits with the upper 3 
bits being the instruction code and the lower 
4 bits being data or finer resolution of the 
instruction code. Figures 2 and 3 of Appendix 
1 show the fuse address tables of PLS153 
and PLS1 59, respectively. Note that the Vari- 
able Addresses have seven bits (3 upper bits 
and 4 lower bits), whereas the Term Ad- 
dresses have six bits (2 upper bits and 4 
lower bits). Therefore, it takes up to four 
nibbles to define a fuse address. Once an 
address is defined, the Variable Address 
generator will increment automatically to gen- 
erate the subsequent fuse addresses for the 
same Term Address. Loading a Term Ad- 
dress in the Term Address generator will 
always reset the Variable Address generator. 
Therefore, the Term Address should be en- 
tered first and then the Variable Address. The 
last entry is the fusing data in a 4-bit nibble. 
The system will automatically increment the 
Variable Address generator to program four 
fuses. Once the 4-bit fusing data is loaded, 
the system goes into an internal mode until 
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RS232 INTERFACE 



BAUD RATE GEN. 
SYSTEM CONTROL 



ROW ADO. GEN. 



IDAV 
, , COLUMN ADD. GEN. 



1 



■ iDAV 
4800 SYSTEM 
CLOCK 



IDAV 
DATA STORAGE 



En 



* PLD DEVICE 
ROW ADDRESS 
"*" (PIN 7 to 9 
12 to 15) 



COLUMN ADDRESS 
"*" (PIN 1 to 6) 



OUTPUT (F) 
(PIN 1G) 



V p (PIN 18) 
VccptPINai) 



*— STB (PIN 11) 



Figure 1. Block Diagram 
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the fusing cycle for the four fuses are com- 
pleted. 

The following illustrates the sequence of 
programming operation: 
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1. Switch LCP to ON-LINE 

2. Input 010 0000 -reset LCP 

3. Input 010 0001 -put LCP "ON-LINE" 
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4. Input 100 load 4-bit lower TERM 

ADDRESS 

5. Input 101 00-- load 2-bit upper TERM 
ADDRESS 

6. Input 110 load 4-bit lower VARIABLE 

ADDRESS 

7. Input 111 load 3-bit upper VARI- 
ABLE ADDRESS 

8. Input 011 load 4-bit fusing data, a 

"1" causes a fuse to be blown 

9. U6, the fusing sequencer, causes the 
system to go into INTERN mode 

10. Fusing sequence starts. See Figures 3 
and 4 

11. Fusing cycle completed. Input next ad- 
dress: 

a. If next TERM ADDRESS is different from 
the previous one, go to (4) 

b. If next address is in sequence with the 
previous VARIABLE ADDRESS and in 
the same TERM, go to (8) 

c. The Variable Address generator will al- 
ways reset to if TERM ADDRESS is 
loaded. 

Figure 3 shows the sequence of fusing opera- 
tion while the system is in internal mode. 
Figure 4 shows the timing diagram and volt- 
age waveform of the fusing sequence of four 
consecutive fuses. 

Analog Drivers: 

Vp — This signal is current limited to 325mA. 
It is 1.25V to 1.75V when not fusing (idle). 
During the fusing cycle it takes on a value of 
14.25V to 14.75V for a short time. The 
leading edge is slew rate limited to about 
10jus. 

Vccp — This signal is the programming 
power supply. It can source up to 1A. It has a 
value of 1.1V to 1.3V when not fusing (idle). 



INITIALIZE + OFFLINE + RESET 




NOTES: 

1. State numbers in hex. 

2. State changes on every clock. 

3. 13ms cycle time. 



Figure 3. State Diagram Fusing Sequence and Control PLD U6 
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During the fusing cycle it assumes a value of 
8.25V to 8.75V for the duration of the entire 
cycle (four fusing pulses -See Figure 4). 

V P Driver Circuitry — The V P signal is 
toggled by the Fusing Sequencer, U6, Pin 1 5. 
This TTL signal is buffered up by the switch- 
ing transistor, Q3, and its associated resis- 
tors, R6 and R9. Transistor Q4 inverts the 
signal to achieve the correct phase relation- 
ship. It also performs the following circuit 
functions: 

1. It clamps the base of the Darlington 
transistor, Q5, to near ground through the 
R10 resistor. 

2. Transistor Q4 discharges the slew rate 
time constant capacitor, C1, through the 
resistor, R10, and shunts the current 
from the current source, VR2, to near 
ground. This prepares the circuit for the 
next controlled slew rate edge at the 
beginning of the next fuse blowing cycle. 

3. It provides a current sinking path to pull 
current out of the fusing socket enable 
line, thus creating a rapidly falling Vccp 
trailing edge. The diode, D2, provides 
sourcing isolation while the resistor, R11, 
limits inrush currents. A ferrite bead on 
*u s oh h igQjj '-i^v.s d~vn this ""th This 
prevents large currents from flowing 
through transistor Q4 at the low level 
switching transition time. 

The voltage regulator, VR1 , forms the 325mA 
current limit circuit in conjunction with the 
voltage dropping resistor, R8. 

The controlled slew rate of the leading edge 
and the final level of the enable high output 
voltage Vp are generated in the following 
manner: 

1. A 10mA current source is formed by the 
voltage regulator, VR2, and the dropping 
resistor, R7. 

2. This current is shunted to ground through 
Q4 when the enable pulse is low. 

3. At the instant when Q4 turns off, the 
10mA current is diverted into the slew 
rate control capacitor, C1. The capacitor, 
C1, will continue to charge linearly until 
the voltage across it reaches the value of 
the zener diode stack D1A and D1B. 

4. The current is then shunted down the 
zener diodes until Q4 is turned back on. 

5. The base of the Darlington transistor, Q5, 
follows the voltage across the capacitor, 
C1 , and draws very little current due to its 
very high current gain. Since the Q5 
transistor is configured as an emitter 
foiiower, the voitage seen on the fusing 
socket enable line will be about 1V lower 
than the base of transistor Q5. Resistor 
R12 stabilizes the value of the V B e on 
transistor Q5 by pulling a small amount of 
current early in the ramp. 

November 1986 



V CCP Driver Circuitry — Vqcp is toggled by 
the internal/external signal from the Fusing 
Sequencer, U6. Again, the signal is buffered 
and inverted twice by transistors Q1 and Q2 
along with resistors R4 and R3. 

Low Voltage (Idle) 

Resistor R2 is shorted to ground through 
transistor Q2 in order to generate the 1 .1 V to 
1 .3V low output level. This is an intrinsic value 
generated by the internal reference of the 
voltage regulator. 

High Voltage (V CCP ) 

When transistor Q2 is turned off, the output 
voltage ramps to the 8.25V to 8.75V level. 
This value is determined by the ratio of 
resistors R1 and R2 in conjunction with the 
actual value of the voltage regulator's internal 
reference. 

Power Supply Consideration 

1. The Low Cost Programmer circuitry 
draws about 1A. 

2. The Enable and Vccp currents may reach 
about 1.4A. 

3. The Enable signal is about 15V and 
needs at least 5V of head room. 

4. The RS232 drivers require ± 1 2V at about 
60mA. 

In a bridge circuit, a rule of thumb says that 
the transformer's current rating should be 
from 1 .2 to 1 .6 times the load current. Using 
this rule, the secondary of the transformer 
that supplies Vcc and ± 1 2V should be rated 
at 18V center tapped at about 1.6A. 



The transformer that supplies the Enable and 
V CCP circuits should have an 1 8V secondary 
at about 2.2A. 



PROGRAMMING THE LCP 

The addresses and fusing data can be gener- 
ated by the host computer using AMAZE or a 
terminal nibble by nibble. The fuse address of 
each PLD 20-pin device is available in the 
Signetics PLD data manual. Copies of the 
fuse address tables of PLS153 and PLS159 
are included in Appendix A Tables A-1 and A- 
2. These fuse addresses, together with the 3- 
bit instruction code, form a 7-bit instruction 
which can be represented by a single ASCII 
character. Table 1 is a table of ASCII charac- 
ters. 

The following example illustrates the conver- 
sion of program table entries into fuse ad- 
dresses and fusing data. Table 2 shows a 
simple entry in an PLS153 program table. To 
keep things simple, only four entries are 
made. The first entry is term 3, variable 17. 
The fuse of the non-inverting buffer is to 
remain intact, whereas the fuse to be blown is 
the inverting buffer, 17. For this entry, from 
Table A-1 of Appendix A, the Term Address is 
03hex or 00 001 1 b, the Variable Addresses of 
the two buffers are OEhex or 000 1 1 1 0b, and 
OFhex or 000 1111. The fusing data is 01. 
The second entry is Term 3, 16. The fuse of 
the inverting buffer is to be kept intact while 
that of the non-inverting buffer will be blown. 
The Term Address is the same as the previ- 



Table 1. 


ASCII Character Table 
















0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 







1 


2 


3 


4 


5 


6 


7 


0000 





NUL 


DLE 


SP 





• 


P 




P 


0001 


1 


SOH 


DC1 


! 


1 


A 


Q 


a 


q 


0010 


2 


STX | DC2 


I 2 


B 


R 


b 


r 


0011 


3 


ETX DC3 


# 


3 


C 


S 


c 


s 


0100 


4 | EOT DC4 $ 


4 


D 


T 


d ' t 


0101 


5 ! ENQ NAK ! % 


5 


E 


U 


e 


u 


0110 


6 ACK i SYN & 


6 


F 


V 


f 


V 


0111 


7 BEL ETB 


7 


G 


w 


g 


w 


1000 


8 BS CAN ! ( 


8 


H 


X 


h 


X 


1001 


9 : HT EM ) 


9 


I 


Y 


I 


y 


1010 


A LF SUB 
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1011 


B VT i ESC + 
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k 


I 


1100 


C FF : FS 
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L 


A 


I 




1101 


D CR GS — 


= 


M 


] 


m 


) 


1110 


E SO RS 


> 


N 




n 


~ 


1111 


F SI US / 


? 


O 


- 





DEL 



a 
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Table 2. FPLA Program Table 



CODE NO. 
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ous entry; the Variable Addresses of the two 
buffers are OChex or 000 1 1 00b and ODhex or 
000 1101b. The fusing data is 10. The four 
fusing data can be combined into one nibble 
(01 1 0) since the two entries are in sequence. 
Only the first address has to be loaded (Term 
Address 03hex and Variable Address OF). 
The next two entries are in sequence with the 
first two, therefore only fusing data nibble 
1111 has to be loaded. 

The instruction and data nibbles can be 
loaded into the LCP in ASCII characters (see 
Table 1). 



LCP CHECK OUT AND 
CALIBRATION 

This section deals with the check out and 
calibration of the Low Cost Programmer. 

The voltage regulator, VR4, dissipates a lot of 
heat. It should be mounted on a metal chas- 
sis with an isolation mount. 

Notice that the fusing socket, P1, has three 
columns of pads. Use the left set if the socket 
is to be mounted on the component side of 
the PCB. Use the right set if the socket is to 
be piaced on the biank side of the PCB. The 
LEDs may also oe mounted on the blank side, 
allowing for very easy panel mounting of the 
finished LCP. 



Power Supplies 



1. +10V D c to +14V D c at the positive side 
of C4. 

2. -10Vqc to -14Vdc at the negative side 
of C3. 

3. + 4.75V D c to +5.25Vdc at the +5V DC 
input pad of the PCB. 

4. +20Vdc to +26V D c at the positive side 
of C2. 

Turn off the LCP and insert ICs U1 through 
U5, U7 and U8. Do not insert U6 yet. 

Turn on the LCP and repeat steps 1 through 4 
above. 

Driver Calibration 

The Fusing Sequencer, U6, must not be in the 
LCP for the following steps: 

Measure 1.25V DC to 1.75V DC at Pin 18 of 

P1. (The fusing socket.) 

2. Place a clip lead from the U6 Pin 1 5 end 
of resistor R6 to V C c (+5Vnc)- 

3. Measure 14.0V DC to 15.0V DC at Pin 18 of 
P1. 

4. Momentarily place a 75£2 3W resistor 
from Pin 1 8 of PI to ground and observe 
the voltage to still read 14.0Vdc to 
15.0Vdc. 

5. Disconnect the clip lead between R6 and 
Vcc- 



6. Measure the voltage at Pin 18 of P1 to 
once again be 1.25 to 1.75V D c- 

7. Place a jumper from the U6 Pin 1 9 side of 
resistor R4 to ground. 

8. Measure the voltage at Pin 20 of Pi. It 
should be 1.10Vdc to 1.30V DC . 

9. Place a jumper from the U6 Pin 1 9 side of 
resistor R4 to Vcc- 

10. The voltage should be from 8.25Vdc to 
8.75V DC at Pin 20 of PL 

1 1 . Place a 30 fl 3W load resistor momentari- 
ly from Pin 20 of P1 to ground and 
measure the voltage. It should remain 
within the 8.25Vrx to 8.75Vdc range. The 
value of R2 may have to be selected in 
order to give the correct voitage reading. 

12. Reconnect the jumper from R4 to 
ground. 

13. The voltage at Pin 20 of P1 should be 
1.10V D c to 1.30V DC . 

14. Turn off power and insert U6 into its 
socket. 

Baud Rate Generation 

1 . Using an oscilloscope, look at the wave- 
form on Pin 1 7 of the Baud Rate Genera- 
tor, U1. This signal should swing from 

< 450mV to > 2.4V and have about a 
50% duty cycle. 

2. The frequency at this pin should be 
153.6kHz. This results in a period of 
6.51ms. 

3. Repeat Steps 1 and 2 for Pin 18 of U1. 
The frequency should be 76.8kHz, result- 
ing in a period of 13.0jns. 

Control Functions 

Connect an ASCII RS232 terminal to the 
computer connector, C1 , on the LCP. The set 
up should be: 

1. 9600 baud. 

2. 8 bits. 

3. 1 Stop bit. 

4. No parity. 

5. Terminal Tx to Pin 3 of the LCP C1 
connector. 

6. Terminal Rx to Pin 2 of the LCP C1 
connector. 

The following steps send ASCII characters to 
the LCP, which it should interpret as instruc- 
tions. It will not echo the characters sent, but 
it should perform the instructions. Refer to 
Figure 5 for the ASCII equivalent instruction 
characters. 

1. Turn on the LCP. 

2. Set the ON-LINE/OFF-LINE switch to 
ON-LINE. 

3. Type ". 

4. Type !. The ON-LINE LED should illumi- 
nate. If the ON-LINE LED does not light 
at this point, check for the correct inter- 



facing of Pins 2 and 3 on the RS232 
terminal connector. 
5. Type ". The ON-LINE LED should go 
back off. 



TERM ADDRESS GENERATION 

The purpose of this section is to test the 
ability of the LCP to uniquely load the bits of 
the term address. This is done by sending 
ASCII characters to the LCP and then check- 
ing the term address pins of P1. 

Send the following lines of characters and 
check the P1 pins after each. 



CHAR 


1 


2 3 4 5 


6 


! 
SO 


H 


On-Line — Address at 
Previous State 

H H H H 


H 


space 
A 


L 
L 


L L L L 
L L L L 


L 
L 


B 


L 


L L L H 


H 


D 


L 


L L H L 


L 


H 


L 


L H L L 


L 


@Q 


L 


H L L L 


L 


R 


H 


L L L L 


L 


SO 


H 


H H H H 


H 


N 


H 


H H H H 


L 


M 


H 


H H H L 


H 


K 


H 


H H L H 


H 


G 


H 


H L H H 


H 


OR 


H 


L H H H 


H 


Q 


L 


H H H H 


H 


S 


H 


H H H H 


H 


@ P 


L 


L L L L 

Off-Line — Address 

Not Altered 


L 



VARIABLE ADDRESS 
GENERATION 

The purpose of this section is to test the 
ability of the LCP to uniquely load and incre- 
ment the bits of the Variable Address. This is 
done by sending the appropriate ASCII char- 
acters to the LCP and then checking the 
Term Address pins of P1. 

Send each line of characters and check the 
specified P1 pins after each. 
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CHAR 


7 


8 


9 12 13 


14 


15 


! 


On-Line 


— Address Same 


as 








Previous 






wo 


H 


H 


H H H 


H 


H 


space 


L 


L 


L L L 


L 


L 


a 


L 


L 


L L L 


L 


H 


b 


L 


L 


L L L 


H 


L 


d 


L 


L 


L L H 


L 


L 


h 


L 


L 


L H L 


L 


L 


space q 


L 


L 


H L L 


L 


L 


r 


L 


H 


L L L 


L 


L 


t 


H 


L 


L L L 


L 


L 


ow 


H 


H 


H H H 


H 


H 


n 


H 


H 


H H H 


H 


L 


m 


H 


H 


H H H 


L 


H 


k 


H 


H 


H H L 


H 


H 


g 


H 


H 


H L H 


H 


H 


ov 


H 


H 


L H H 


H 


H 


u 


H 


L 


H H H 


H 


H 


s 


L 


H 


H H H 


H 


H 


w 


H 


H 


H H H 


H 


H 


A 


L 


L 


L L L 


L 


L 


owQ 


L 


L 


L L L 


L 


L 


1 


L 


L 


L L H 


L 


L 


1 


L 


L 


L H L 


L 


L 


2 


L 


L 


L H H 


L 


L 


2 


L 


L 


H L L 


L 


L 


12 


L 


H 


L L L 


L 


L 


Is2 


H 


L 


L L L 


L 


L 






Off-Line — Address 










Not Altered 







Fusing Cycle/Test Mode 

Place a jumper from U1 Pin 3 to ground. This 
enables test mode. Send any data character 
and the LCP will continuously loop through 
the fusing sequence. Verify the voltages and 
timing per Figure 4. 

Remove the jumper. 

Pass Through 

Turn the LCP ON-LINE/OFF-LINE switch to 
OFF-LINE. 

Connect the Host Computer to the C1 con- 
nector of the LCP and the Terminal to T1 of 
the LCP. Make certain the Tx and Rx signals 
of both are associated with the correct teP 
RS232 pins on the respective connectors. 





C5[T 




l2]V C c 




C4|T 




19] GND 


TERM 
ADDRESS 


C3[T 




IS] PROGRAM ENABLE (V p ) 


(COLUMN 
ADDRESS) 


C2 \T 




33 PROGRAM/VERIFY (P/V) 




C1 \T 




16] OUTPUT, F (OPEN COLLECTOR) 




( co[T 




Ti[) RO 




VARIABLE 


f R6[T 




T7| R1 


VARIABLE 
\ ADDRESS 


ADDRESS 
(ROW 


R5[T 




13] R2 


(ROW ADDRESS) 


ADDRESS) 


k R4[T 




TH R3 






GNDpO 




TT] STROBE (STB) 






CD04500S 




Figure A-1. Programming Pin Functions 



Type on the terminal keyboard. The computer 
should behave normally -usually with an 
echo. 

This completes the LCP calibration and 
checkout. 



APPENDIX A 



HOW TO PROGRAM PLD 20-PIN 
SERIES DEVICES 

An PLD device is basically a group of logic 
functions interconnected to each other by 
fuses which can be blown to open a circuit, or 
left intact to make a connection. Each fuse 
can be identified by its own unique address 
which consists of a 7-bit Variable Address 
(ROW ADDRESS) and a 6-bit Term Address 
(COLUMN ADDRESS). The programming pin 
function is the same throughout the 20-pin 
series see Figure A-1). Tables A-1 and A-2 
are fuse address tables of the PLS153 and 
PLS159, respectively. 

The programming cycle can be separated 
into four stages:- 

Set-Up 

1. Set Program Enable (v» to GND 



2. 


Apply Column and Row Address to pins 




1-6 and 7-9, 11-15 


3. 


Set STROBE (STB) to V, H 


4. 


Set PROGRAM/VERIFY (P/V) to V, L 


5. 


Wait 1-50jus 


6. 


Set V CC p to 8.5V 


To Blow a Fuse 


1. 


Wait 1-10ms 


2. 


Set P/V to V| H 


3. 


Wait 1-50/iis 


4. 


Set V P to 14.5V 


5. 


Wait 1-5ms 


6. 


Pulse STB to V| L for lOpts 


7. 


Wait 1-5;us 


8. 


Set V P to GND 


9. 


Wait 1-5jus 


10 


Set P/V to V, L 



To Verify 

1. Wait 1-5ms 

2. Pulse STB to V| L for 1-1 0ms 

3. While STB is LOW, OUTPUT (F) will be 
V| L for a fuse intact and 2-8.75V for a 
bTowhTuse" "(note: F'is ah bpeh-cbl lector, 
a pull-up circuit may be needed) 

Go To Set-Up for Next Fuse 
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Table A-1. Program Cycle Row/Column Fuse Addressing 



Variable Select Table 



i ! 



ROW 
HEX ADDRESS 



l 6 l 7 Bo 



B2B3B4B5 



SELECTED 
VARIABLE 



AND 
Array 



»9 



B7 
B 7 



B 5 



B3 
B 3 



B2 
B, 



PLS153 



ROW 




HEX ADDRESS 


SELECTED 






VARIABLE 


I6I7B0 


B2B3B4B5 




' 




4 












Empty Address 










Space 


i 


■ 


V 




2 


F 




3 







9 


3 


1 




8 i 


3 


2 




7 | 


3 


3 




6 


3 


4 


OR 


5 


3 


5 


Array 


4 


3 


6 




3 


3 


7 




2 j 


3 


8 




1 


3 


9 




i 


3 


A 


Polarity Enable 







E 


3 


Empty Address 
Space 


■% 


■ 


■" 


r 






c 











NOTES: 

1. A row address identifies a particular variable coupled to all product terms. 

2. With a variable selected by the row address the column address further selects a coupling fuse for each term. 



Term Select Table 






COLUMN 
HEX ADDRESS 


SELECTED 
PRODUCT TERM 


■oil 


I2I3I4I5 
















1 




1 





2 




2 





3 




3 





4 




4 





5 




5 





6 




6 





7 




7 





8 




8 





9 




9 





A 




10 





B I 


11 i 





C 




12 





D 




13 






E 
F 


Logic 
Terms 


14 
15 









16 


1 1 17 


1 j 2 j 18 


1 I 3 I 


19 


1 I 4 j 


20 | 


1 | 5 I 


21 | 


116* 


22 i 




7 ; 


23 




8 ! 


24 




9 I 


25 




A 


26 




B 




27 




C 




28 




D 




29 




E 




30 


1 


c 




OH 


2 










2 


1 


1 


2 


2 




2 ! 


2 


3 




3 i 


2 


4 Control 


4 [ 


2 


5 


Terms 


5 I 










2 




3 


Polarity 


4 


Terms 


5 




6 

1 
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Table A-2. Program Cycle Row/Column Fuse Addressing (Continued) 



Variable Select Table 



PLS159 



Term Select Table 2 



ROW 
HEX ADDRESS 


SELECTED 


B1B2B3 


FoF^Fa 


VARIABLE 


























2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
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NOTES: 

1. A row address identifies a particular variable coupled to all product terms. 

2. With a variable selected by the row address the column address further selects a coupling fuse for each term. 
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Table B-1. Baud Rate Generation and UART Control PLD U1 Revision "B" Adds Test Mode 
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Table B-2. Low Cost Programmer PLD #U4 Variable Address Generator 
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Table B-3. Low Cost Programmer PLD #U4 Variable Address Generator 
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Table B-4. Low Cost Programmer PLD #U2B Revision "3" Data Register 
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Table B-5. Low Cost Programmer PLD #U6 Revision "B" Results in New Timing Figures 
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Table B-6. Low Cost Programmer Parts List 



REF. DES. 


QUANT. 


DESCRIPTION 


RADIO SHACK* 


Resistors 


R1 


i 


10012 1/4W 5% 




R2 


1 


620ft 1/4W 5% 




R3, R5 


2 


1Kft 1/4W 5% 


271-1421 


R14, R15 


2 


270ft 1/4W 5% 




R4, R6 


2 


1.8Kft 1/4W 5% 


271-1324 


R7 


1 


39ft 1/4W 5% 




R8 


1 


3.3ft 1/4W 5% 




R9 


1 


120ft 1/4W 5% 




R10 


1 


75ft 1/4W 5% 




R11 


1 


47ft 1/4W 5% 


271-1307 


R12* 


1 


1Kft 1/4W 5% 


271-023 


R13 


1 


10Kft 1/4W 5% 




RN1 


1 


10Kft 1/4W 5% 8-Pin SIP 




Capacitors 


C1 


1 


0.047/iF 




C2, C4 


2 


4700;iF Elec. 35V Axial 


272-1022 


C3 


1 


220/uF Elec. 35V Axial 


272-1017 


C6, C7 


2 


470mF 




C5, C8-C13 


7 


0.01 mF 




Diodes 


D1A 


1 


6.2V Zener 1N4735 


276-561 


DIB 


1 


9.1V Zener 1N4739 


276-563 


D2 


1 


1N4001 


276-1101 


D3, D4 


2 


10mA Red LED 


276-041 


DB1, DB2 


2 


1.4A Full-Wave Bridge 


276-1151 


Voltage regulators 


VR1 -VR3 


3 


LM317 TO-220 


276-1778 


VR4 


1 


7805 TO-3 




Integrated circuits 


U1, U2, 








U4 - U6 


5 


PLS159IFL — Codes Req'd 




U3 


1 


AY-3-1015 UART 


276-1794 


Transformers 


T1, T2 


2 


18.0V AC CT, 2A 


273-1515 


FB1 


1 


Ferrite Bead FB-75B-01 
Amidon Associates 




Transistors 


Q1-Q4 


4 


2N2222 Transistors 


276-2009 


Q5 


1 


TIP 120 Power Dar. 
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Figure C-1. Block Diagram 




Figure C-2 
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INTRODUCTION 

The Field-Programmable Logic Sequencer 
PLS159 may be a self-contained system 
except that it requires a system clock which is 
generally provided by an external source. 
Using a simple R-C network, two bidirectional 
I/O pins, one can make a simple oscillator 
which can provide a clock frequency up to 
7MHz (typical) with a pulse width of about 
75ns. The frequency of oscillation is set by 
adjusting the RC network, or by adjusting a 
reference voltage, V. The circuit is shown in 
Figure 1 . This circuit may be used to clock the 
flip flops on the same chip, or provide a clock 
for a bigger system. While this circuit uses 
only two AND-terms and one control term, 
the rest of the chip may be used for other 
circuits. 

Initially, the capacitor has zero charge and 
thus is at zero volt. Output is also at a Low, 
which disables the tri-state buffer. As the 
capacitor is being charged up, its voltage 
increases. At about 1.6V, the non-inverting 
input buffer begins to turn on. One propaga- 
tion delay later, the output goes High, which 
enables the tri-state buffer after another prop- 
agation delay. Since the tri-state buffer is 
unconditionally programmed to a Low, it be- 



gins to discharge the capacitor at a fast rate. 
As the input voltage to the non-inverting 
buffer drops below 1 .6 V, the buffer begins to 
change state. One propagation delay later, 
output goes Low, which disables the tri-state 
buffer after another propagation delay. The 
R-C network is ready to start all over again. 

To implement this circuit, we first choose B-i 
to input voltage from the RC network and Bo 
to be the output pin. As shown in Table 1 , we 
enable the output B(0)o by "dashing out" the 
AND-term Do, make the output non-inverting 
by programming POLARITY "H" and connect 
it to term-0 by entering an A in column B(0)o 
term-0. We then program an H in B(\)^, term-0 
to connect the non-inverting input of Bi to 
term-0. Since we don't need the rest of the 
inputs and outputs, we "dash out" all other 
input entries and "dot out" all unused outputs 
in term-0. To create a Low output on 8(0)! , 
we may either have a Low input on the OR 
SPiu i lave ti ic output non-inverteu, or ■ iave a 
High on the input of OR and have the output 
inverted to produce a Low. We will arbitrarily 
use the second method. Here we dash out all 
inputs and outputs in term-1 except 6(0)! 
which is programmed an A. We then program 
the POLARITY of B(Oh "L" to be inverting. 



r 




■ 


1 1 


1 ^ • OUTPUT 




;c 


1 






- 


^1 








TC00680S 


Figure 


1. R-C Network Circuit 



Finally we program an H in B(l)o and term-Di 
and dash out all unused inputs so that when 
B(0)o becomes High, D-\ will enable the 
output buffer B(0)i. The program is further 
illustrated by Figure 2. 

Since the High output pulsewidth is about two 
propagation delays of B-i to B , it is wide 
enough to drive the clock input of the 
PLS1 59. If a square wave is desired, one of 
the flip flops may be programmed to toggle, 
as shown in Table 1, term-4, in which case 
the output frequency of the square wave is 
half that of B(O) . 

The stability of the output frequency can be 
controlled by: 

1. Making V a stable voltage source, 

2. making the charging current of the RC 
network much greater than the input 
current of B(l)i (see Figure 4 for input 
current characteristics), 

o. maKing ih6 period o> oscination much 
greater than four times the internal prop- 
agation delay (typical tpn = 35ns). 

Recommendations: 

a) Use capacitance less than 500pf. 

b) Choose R such that V/R>>I| L (since 
Iil = — 100/uA, worst case, over temperature 
range, V/R may be 1mA, for example). 

The recommendations above put a limit to the 
range of frequency which the PLS159 may 
operate in exchange for stable operating 
frequency. One may extend its range by 
reducing C to zero (remove the capacitor) 
and thus operate the circuit at its maximum 
frequency, or increase the resistance to infi- 
nite (remove the resistor), and let the external 
capacitor be charged by the input current l| L , 
which gives a much lower frequency. 
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Table 1. PLS159 FPLS Program Table 
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COMMENTS: 

1. Dj is controlled by B(1) , which enables B(0)i when B(O) outputs a High. 

2. Q(N)- is programmed as J-K flip-flop, and will toggle automatically at each rising-edge of the 
NOTE: 

1. In order for the flip-flop to work the clock out (Bo) must be externally connected to pin 1. 
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Q V NOTE: V<5.5V 
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Figure 2. Logic Diagram of Oscillator Circuit 
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DESCRIPTION 

Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered R-S flip-flop, and an edge- 
triggered D flip-flop. 



INTRODUCTION TO PLS153 

To implement this function, let's first take a 
look at the PLS153 logic diagram and its 
programming table as shown in Appendices A 
and B. On the left side of the logic diagram 
(Appendix A) are eight dedicated inputs, lo to 
I7, each of which has a true and a comple- 
ment output. Each output is connected to the 
inputs of 32 AND functions (we will call them 
AND-terms from now on), the outputs of 
which are, in turn, connected to the inputs of 
ten OR functions. The output of each OR 
function is connected to one input of an 
Exclusive-OR function, which is in turn con- 
nected to a non-inverting output buffer. The 
function of the XOR is to control the output 
polarity. The output, in its virgin state, is non- 
inverting, since one side of the XOR is 



connected to ground by the fuse X n , where 
n = 0, 1, 3...9. To have the output inverted, 
one needs only to blow fuse X n open so that 
the X n input is unconditionally High. The 
output buffers are all three-state buffers 
which may be enabled or disabled by their 
corresponding AND gates. The output buffers 
are disabled in their virgin state. All pins 
labeled "B" are bidirectional. Input buffers of 
the "B". pins are identical to those of the "I" 
pins. 

The programming table shown in Appendix B 
emulates a truth table. All the inputs to the 
device are positioned on the left side, and all 
the outputs are on the right side. Each row in 
the table corresponds to an 18-input AND- 
term with up to ten outputs. On the left side, 
or the input side of the table, each column 
represents an input. The 18 columns repre- 
sent input buffers lo to I7, Bo to Bg. To 
distinguish between inputs and outputs of the 
bidirectional pin, B(l) is used for input and 
B(O) is used for outputs as shown in the 
programming table. On the right side of the 
table, each column represents an output 
circuit (B(0)o_9) which consists of an OR 
gate, an XOR, and a non-inverting three-state 
buffer. The output buffers are controlled by 
AND-terms Do to Dg, the inputs of which may 
be connected to any number of the 18 inputs. 



The polarity of the outputs is defined by the 
POLARITY entries which are on the upper 
right corner of the programming table. 

To program the inputs to the AND-terms, an 
"H" will cause the fuse of the inverting input 
buffer to be blown, leaving the non-inverting 
buffer connected to the AND-term; an "L" 
will do the opposite. A " -" will cause both 
fuses to be blown, and therefore the pro- 
grammed input is a "Don't care". A "0", the 
virgin state of the device, has both fuses 
intact, which causes the output of the AND- 
term to be unconditionally Low. 

To program the outputs, a "." causes the 
fuse that connects the output of AND-term to 
the input of an OR to be blown and thus 
renders the output inactive. An "A" causes 
the fuse to remain intact and thus the output 
is active. 

The output polarity of each output buffer may 
be programmed by entering an "H" or an "L" 
in the POLARITY section. An "L" causes the 
XOR to blow its grounding fuse and become 
inverted, whereas an "H" leaves the fuse 
intact and the output is non-inverted. 

To AND several inputs, we put them in a row; 
to OR several inputs, we put them in different 
rows, as shown in illustrations in Appendix B. 
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SIMPLE R-S LATCH 

A simple R-S latch may be formed by cross- 
coupling two NAND functions together as 
shown in Figure 1. 

As an illustration, let's assign the input R to lo 
of the PLS153, input S to h, output Q to B , 
and output Q to B-|. As shown in Table 1, to 
form the NAND gates we need to program 
the POLARITY Low on B(O) and B(0) 1 . To 
unconditionally enable the output buffers, we 
"dash" out all inputs to D and D-|. As for the 
inputs, we put an "H" on l , term-0 for the 
input R, non-inverted; another "H" on B(l)i> 
term-0 for the feedback from Q. In the same 
manner, we program l-|, term-1 and B(0)o 
"H". The POLARITY, rows 0, 1, D and D^ 
forms a "truth table" with which one can 
analyze his own or someone else's design. 
The program in Table 1 may be illustrated as 
shown in Figure 2. 




bDi ^-FLD-^>7^DH^r i a- 



■<-i 



Dd^=LJ— L> 




*o 



Figure 2. RS Latch 




November 1986 



9-77 



Signetics Application Specific Products 



Application Note 



Latches and Flip-Flops With PLS153 



AN14 



Table 1. PLS153/153A Programming Table 



CODE NO. 
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ANOTHER SIMPLE R-S LATCH 

Another way to implement a simple latch is 
shown in Figure 3, in which two NOR func- 
tions are cross-coupled to form a latch. 

As with the previous example, we first define 
the input and output pins. For this example, 
we use !2 for the R input, I3 for the S input, B 2 
for the Q output, and B 3 for the Q output. We 
program B 2 and B 3 to have inverted outputs 
by programming POLARITY of B 2 and B 3 
Low, as shown in Table 2. Terms 6 and 7 are 
ORed together by B(0)2, rows 6 and 7. In the 
same manner B(0) 3 ORs Terms 8 and 9. The 
programmed table of this design may be 
represented as shown in Figure 4. 

Since each AND-term of the PLS153 can 
accommodate up to 1 8 inputs (true or invert- 
ing inputs of eight from Iq to \j and ten from 
B to B 9 ), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 

The programming of this design is left to the 
reader as an exercise. 




Figure 4. RS Latch 




Figure 5. RS Latch 
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Table 2. PLS153/153A Programming Table 



CODE NO. 
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D-LATCH 

A simple D-latch can be constructed with an 
PLS153 as shown in Figure 6. 

This circuit may be easily programmed into 
the PLS153 as shown in Tabie 3. The pro- 
gram may, in turn, be represented as shown 
in Figure 7. 

This circuit may be expanded to have multiple 
D-latches using the same latch enable (LE). 



FD 



—tz± 




Figure 6. D Latch 



R-S FLIP-FLOP 

Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 8 
shows a combination of two sets of cross- 
coupled NOR gates concatenated to form the 
flip-flop. The implementation of this circuit 
using PLS1 53 is as illustrated in Table 4 and 
Figure 9. 
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Figure 7. D-Latch 
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Figure 8. RS Flip-Flop 
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Table 3. PLS153/153A Programming Table 



CODE NO. 
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Table 4. PLS153/153A Programming Table 
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D FLIP-FLOP An PLS1 53 may be programmed as shown in 

An edge-triggered master-slave D flip-flop Figure 1 1 to implement the D flip-flop which is 

may be constructed with two D-latches in the equivalent to the circuit shown in Table 5 in 

manner shown in Figure 10. tne PLS153 logic representation. 
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Figure 10. D Flip-Flop 
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Table 5. PLS153/153A Programming Table 
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Appendix B. PLS153/153A Programming Table 
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APPENDIX C 



R-S LATCH (Cross-Coupled NOR) 
See Figures 3 and 4 and Table 2 




D-LATCH 
See Figures 6 and 7 and Table 3 




D PIN 6 



LE PIN 7 



Q PIN 14 



R-S LATCH (Cross-Coupled NAND) 
See Figures 1 and 2 and Table 1 



SPIN 1 



R PIN 2 




Typical set-up time = Ons 
Typical hold time = - 5ns 
Typical propagation delay = 20ns 



EDGE-TRIGGERED R-S Flip-Flop 
See Figures 8 and 9 and Table 4 



R PIN 1 




EDGE-TRIGGERED D Flip-Flop- 
See Figures 10 and 11 and Table 5 




D PIN 4 



CLOCK PIN 5 



Q PIN 15 



NOTE: Timing requirements/performances are the 
same as the R-S latches 



NOTE: Timing requirements/performances are the 
same as the D-latch 



Figure C-1. Timing Photos 
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INTRODUCTION 

The PLS159 is a field programmable logic 
sequencer which consists of four dedicated 
inputs, four bidirectional l/O's, eight flip-flops, 
thirty two 16-input AND gates, twenty 32-input 
OR gates, and a complement array. Each flip- 
flop has a bidirectional I/O and may be 
individually programmed as J-K or D flip-flop, 
or switch between the two types dynamically. 
The flip-flops will accept data from the inter- 
nal logic array or from the bidirectional I/O, or 
they may be set or reset asynchronously from 
the AND array. The output polarity of the four 
bidirectional l/O's are programmable and the 
direction is controlled by the AND array. 
Figure 1 is the logic diagram of PLS159. 

PROGRAMMING THE PLS159 

The programming table is shown in Table 1 
where there is a place for everything that is 



shown in Figure 1. The program table is 
basically divided into two main sections. The 
left hand side of the table, section A, repre- 
sents the input side of the AND gates, while 
the right hand side, section B, represents the 
OR gates sections which includes the flip- 
flops and the combinatorial outputs B(0) to 
B(3). The flip-flops modes are defined in 
section C and the output polarities of the 
combinatorial outputs are defined in section 
E. The programming symbols are detailed in 
Figure 2. 

As shown in Table 1 , the programming table 
is very similar to a truth table. Each column in 
section A represents an input to the 32 AND 
gates, and each row represents an AND gate 
connecting to 17 inputs. Columns lo to I3 
represent the 4 dedicated inputs, lo to l 3 . 
Columns B(l) to B(l) 3 represent the inputs of 
the 4 bidirectional I/O, Bq to B 3 . Columns 



Q(P)o to Q(P)7 represent the feedback, F to 
F7, from the flip-flops (the present state). 
Column "C" represents the complement ar- 
ray. 

As shown in Figure 1 , the outputs of the AND 
gates are connected to an array of OR gates 
which, in turn, are connected to either flip- 
flops or output circuits. Columns Q(N)o to 
Q(N) 7 represent the next state which the flip- 
flops will be in. Columns B(0)o to B(0) 3 
represent the combinatorial outputs B to B 3 . 

Each row represents an AND gate with 17 
inputs each of which may be true and/or 
complement and is, therefore, a perfect de- 
coder. Referring to the programming symbols 
in Figure 2, to implement the equation 



Z = A * B 



D, 



all one has to do is to enter one line as shown 
in Table 2, term-0. 



B 
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The FPLS can be programmed by means ment the desired logic function are coded In these Tables, the logic state or action of 
of Logic Programming equipment. directly from the State Diagram using the all I/O, control, and state variables is as- 

Program Tables on the following pages. signed a symbol which results in the proper 

fusing pattern of corresponding links de- 
fined as follows: 



With Logic programming, the AND/OR-EX- 
OR input connections necessary to imple- 



B ' QO — tC. 
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Bo ° — d£ 



■I. B, Q 
-T. B, 



9 



(T. F c , L, P, R. 0} n 



STATE 


CODE 


1. B. 


H 



>°-c£ 



9 



(T. F C . 


. P. R. D) n 


STATE 


1 CODE 


I.B.Q 


1 L 



>— c£ 



9 



(T, F c , L, P. R. 0) n 



STATE 


CODE 


DON'T CARE 


- 



"AND" ARRAY -(I), (B), (Qp) 



r-H> 







L -<Jr 



ACTION 


CODE 


INACTIVE 1 ' 3 " 5 






r-H> 



L -d 




( T n. Fc> 



ACTION 


CODE 


GENERATE 5 


A 



I— >■ 







ACTION 


CODE 


PROPAGATE 


• 



r-> 







L- O- 



(T„. F C ) 



ACTION 


CODE 


TRANSPARENT 


- 



"COMPLEMENT" ARRAY -(C) 



r-O- 



t 



<D n L„ P„ R n | 



ACTION 


CODE 


PROPAGATE 


• 




ACTION 


CODE 


TRANSPARENT 


- 




ACTION 


CODE 


j/K OR 6 
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"COMPLEMENT' ARRAY (cont> 



"OR" ARRAY -(MODE) 
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T„ STATUS 
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INACTIVE (Reset) 
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"OR" ARRAY - (Q N = D-Type) 
Figure 2 
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SABLE0r7 
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NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, F c , L, P, R, D) n will be unconditionally inhibited if any one of the I, B, or Q link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fc. 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of "OR" array links. 



Figure 2 (continued) 
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Table 2. FPLS Program Table 
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Notice that only lo to I3 on the left hand side 
and B(0) 4 on the right hand side have entries 
to implement the equation. All unused col- 
umns are dashed out or dotted out. 

To implement the equation 

Y = /A * B * /C, 

enter one line as shown in Table 2, term-2 
where the entry "H" represents the non- 
inverting input buffer while the entry "L" 
represents the inverting buffer. To have the 
AND gate to be unconditionally "High", dash 
out all the inputs of that particular AND gate 
as shown in Table 2, term-4. The virgin 
condition of the device, as shipped from the 
factory, has all connections intact, which 
means that the inverting and the non-invert- 
ing buffers of the same inputs are connected 
together. Such connection will cause the 
AND gate to be unconditionally "Low" as 
shown in Table 2, terms 6 and 7. The 
unconditional High and Low states are nor- 
mally useful only internally and seldom 
brought out to the output pins. 

To implement the equation 

W = A * IB + C * ID, 

enter one line for A * /B and another line for 
C * /D as shown in Table 2, terms 9 and 10. 
Use one line to AND something together; use 
different lines to OR something together — 
one line per item to be OR'ed. 

All the pins which are labelled B's are bidirec- 
tional I/O pins. Their input buffers are repre- 
sented by the B(l) columns on the left hand 
side of the programming table. An "H" entry 
represents the non-inverting buffer and an 
"L" entry represents the inverting buffer. 
Their output buffers are represented by the 
B(O) columns on the right hand side of the 
table. An "A" entry means that the output is 
active (connected to the AND gates); a "." 



entry means that the output is inactive (not 
connected). The outputs may be programmed 
to be inverting or noninverting. The polarity of 
each output is determined by its exclusive OR 
gate (Figure 1 and Figure 2). To have a non- 
inverting output, enter an "H" in the section 
labelled "POLARITY" (Table 1, Section E). 
To have an inverting output, enter an "L". For 
example, Table 3, terms-0 and-2 implement 
the equation 

Z = /(A * B) and Y = A * B 

respectively. The above two equations may 
also be implement by term-4 which uses the 
same AND gate to drive two OR gates. 

Besides being able to have programmable 
Active-High or Active-Low output, the pro- 
grammable output polarity feature also low 
output, the programmable output polarity fea- 
ture also allows the user to minimize his AND 
term utilization by converting his logic equa- 
tion into other forms such as conversion by 
De Morgan Theorem. 

For example, the equation 
X=A+B+C+D 



takes four AND terms to implement as shown 
in Table 3, terms 6 to 9. By using De Morgan 
Theorem, the same equation is changed to 

/W = /A * /B * /C * /D 

The result is as shown in term 1 1 - a saving 
of three AND terms. The output buffers are 
disabled in their virgin states so that they all 
behave as inputs. The buffers are enabled or 
disabled by their corres n ondln n Control AND 
terms Do to D3 (see Figure 1). The Control 
AND terms are represented in the program- 
ming table on the last four rows on the left 
hand side. Dashing out all the inputs will 



cause the output buffer to be unconditionally 
enabled, whereas a "0" (zero) will cause the 
buffer to be unconditionally disabled. The 
buffers may also be controlled by a logical 
condition, e.g. A * /B * /C, etc. 

There are eight flip-flops on the chip each of 
which may be programmed as a J/K or a D 
flip-flop, or they may be programmed to 
switch dynamically. As shown in Figure 1, 
each flip-flop is a J/K to begin with. A tri-state 
inverter is connected in between the J and K 
inputs of each flip-flop, which when enabled 
by the AND gate F c , will cause the flip-flop to 
function as a D flip-flop. The inverters are 
enabled by Fc through fuses M to M 7 . A "." 
in the F/F Mode entry of the programming 
table means that particular fuse is to be 
disconnected and that particular flip-flop is to 
be J/K, An "A" entry will leave the M fuses 
intact, which allow the flip-flop to be D or J/K 
as controlled by the output of Fc (see Figure 
2, "OR" ARRAY -(MODE)). The inputs to 
the flip-flops are represented by the program- 
ming table as the next state, Q(N) to 7 since 
their inputs are from the OR array. The 
outputs of these registers are connected to 
their respective tri-state inverting output buf- 
fers, four of which are controlled by EA and 
the other four by EB. A "." in EA wiii enabie 
outputs Fo to F3, whereas a "-" will disable 
them. An "A" will allow the output buffers to 
be controlled by /OE, pin 11. Table 4, terms 
0, 1 and 3 represent the following equations 



Q : J = A * C + /B * /E 
Q : K = A * /C 



eq. 1 
eq. 2 



Notice that the J input in equation 1 is 
represented by the "H" entry in terms-0 and 
1 , column Q(N)o while the K innut in enuation 
2 is represented by the "L" entry in term- 3, 
column Q(N) . An undefined input, J or K, is 
considered "Low". 
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Table 4. FPLS Program Table 
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A D flip-flop may be implemented by first 
entering an "A" in F/F MODE. Then enter 
"0" in the row Fq, which will unconditionally 
enable the tri-state inverter between the J 
and K inputs. The following logic equation 
may be implemented as shown in Table 4, 
term 5 

Qf. D = /A * /B * /C + E. 

Notice that the entries in term 5, columns 
Q(N)o to 7 are "A" and "." instead of "H" 
and "L" as in the case of J/K flip-flops. The 
entry "A" will cause the fuse connecting to 
the "K" input to be disconnected and the "J" 
fuse to be intact. Whereas the entry "." will 
cause both fuses to be disconnected. This 
feature enables the user to quickly recognize 
the mode in which the flip-flops are operating 
without having to go through the control 
terms. Some commercially available device 
programmers in the market may not have the 
software capability to implement this feature, 
in which case an "H" and a "-" may be used 
in place of "A" and "." respectively as shown 
in Table 4, terms 8 and 9. 

Of course, the term Fc may have inputs 
instead of zeros and dashes, in which case 
the flip-flop modes are controlled dynamical- 
ly. 

When both the J and K inputs are "1's", the 
flip-flop will toggle. A simple 3-bit counter may 
be implemented using only AND terms as 
shown in Table 4 terms 11, 12 and 13. The 
logic equations for the three flip-flops are as 
the following: 

Q5: T = 1 ; (Q5 toggles unconditionally) 
Q 6 : T = Q 5 ; (Q 6 toggles when Q 5 = 1 ) 
Q 7 : T = Q 5 * Q 6 ; (Q7 toggles when Q 5 * 

The above equations represent an octal up- 
counter. However, since the outputs of the 
flip-flops are inverted, the counting sequence 
of the outputs is that of a down-counter. 

The flip-flops may be asynchronously set and 
reset by the Control AND terms PA/PB and 
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RA/RB respectively. As shown in Figure 1, 
PA and RA controls flip-flops F to F 3 , while 
PB and RB control F 4 to F 7 . 

In order to save the number of input pins, the 
eight flip-flops may be synchronously loaded 
directly from their own output pins. To use 
this feature, EA and/or EB must be pro- 
grammed "A" or "-" so that the output 
buffers may be disabled before loading. As 
shown in Figure 1 , every flip-flop has an OR/ 
NOR gate the input of which is directly 
connected to the output pin and the outputs 
of the OR/NOR are connected to the K and J 
inputs respectively. This OR/NOR gate in- 
verts the input and feeds it to the flip-flop in a 
"wire-OR" fashion. Therefore, when loading 
data directly into the flip-flops from the output 
pins, caution must be exercised to insure that 
the inputs from the OR array does not inter- 
fere with the data being loaded. For example, 
if the data being loaded is a " 1 " on the output 



pin, the J input will be a "0" and the K input 
will be a "1". If, at the same time, a "1" is 
present at the J-input from the OR array, the 
flip-flop will see "1's" in both J and K inputs. 
It will toggle as a result. The OR/NOR gates 
are enabled by the Control AND terms LA 
and LB. LA controls flip-flops F to F 3 and LB 
controls F 4 to F 7 . 

All Control AND terms function and are pro- 
grammed in the same manner as the other 
AND terms. The only difference is that the 
Control AND terms are not connected to the 
OR array. 

The outputs of the flip-flops may be fed back 
into the AND array as the present state, Q(P). 
The output of the AND array into the OR array 
and the inputs to the flip-flops is the next 
state, Q(N). As an example, Figure 3 is a 
state machine implemented in a PLS159 as 
shown in Table 5, terms to 6. 
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Table 5. FPLS Program Table 
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DESCRIPTION 

The field-programmable logic sequencer 
(FPLS) PLS159 has eight edge-triggered flip- 
flops which may be individually programmed 
to be J/K, D, or toggle flip-flops. The detail 
logic diagram of the device is shown in Figure 
2. 

A counter may be constructed by having 
individual flip-flops toggle when they are at 
certain states. Implementing such counters 
requires one toggle flip-flop per bit and an 
associating AND gate as a decoder for each 
flip-flop. Such a method allows the PLS1 59 to 
be a counter from modulo 2 to 256 or from 
one bit to 8 bits. 



MODULO-8 UP/DOWN 
COUNTER 

The Up-Counter 

The PLS159 has an inverting output buffer for 
each flip-flop. Therefore the counting se- 
quence of the flip-flops is from 7 to so that 
the outputs will count from to 7. Table 1 is 



the truth table of the internal counting se- 
quence. 

Table 1 



COUNT 
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Qi 


Qo 
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From Table 1 , logic equations for the flip-flops 
may be generated as the following: 

(Qo unconditionally 

toggles) 

(Q-i toggles if 

Qo = 0) 

(Q2 toggles if both 

Q and Q-\ = 0) 



Qo:T=1; 
Qi:T= /Q ; 



Q 2 :T= /Q */Q-,; 



The equations are implemented as shown in 
Table 2, terms 0, 1 , and 2. E A is enabled, and 
the mode for the three flip-flops is set to J/K. 
All unused flip-flops and outputs ( the B(0)'s ) 
associating to AND-terms are "dashed" or 
"dotted" out. The event to be counted is 
connected to the clock input, pin 1 of the 
device. 

The Down-Counter 

The down-counter is constructed in the same 
manner as the up-counter except that the 
counting sequence is reversed. The down- 
counter is implemented in Table 2, terms 4 to 
6 with the corresponding flip-flop mode set to 
J/K and Eg enabled. 

Modulo- 16 Counter 

Expanding the modulo-8 counter to 4-bit, the 
counter becomes modulo-16, Table 3, terms 
to 3 and the associating F/F MODE and E A 
implement a modulo-16 up-counter, while 
terms 5 to 8 and the associating F/F MODE 
and Eb implement the modulo-16 down- 
counter. 



November 1986 



9-100 



Signefics Application Specific Products 



Appiicorion NOTE 



PLS159 As Modulo Counters 



AN16 



Table 2 
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DECADE COUNTER 

The Decade Up-Counter 

The truth table of a decade counter is as 
shown in Table 4. 

Table 4 



COUNT 


0.3 


0.2 


Qi 


Qo 
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1 
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1 



Logic equations may be generated from Ta- 
ble 4 as the following: 



Qo 


T = 


1; 








Qi 


T = 


/Qo * 


Q 3 ; 






Q 2 


T = 


/Qo * 


/Qi * 


Q 3 ; 




Qs 


T = 


/Qo * 


/Qi * 


/Q ? * 


Qs 






/Qo * 


Qi * 


Q 2 * 


/Qs; 



CLOCK 
COUNT ENABLE 



TERMINAL COUNT 
OUTPUT 



LX 
-LI 



LI 
Ho 



T^~ 



20] 



y.c 



u- 
m- 



7c 



Figure 1 



The equations are implemented as shown in 
Table 5, terms to 4 and the associating flip- 
flop mode and Ea Settings". 

Decade Down-Counter 

The decade down-counter is similar to the 
decade up-counter except that the counting 
sequence is reversed from to 9 as shown in 
Table 5, terms 6 to 11 with the associating 
F/F MODE set to J/K and E B to ENABLE. 

Decade Down Counter 



COUNT 


Q? 


Q 6 


Qs 
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1 






Q 4 :T = 1; 




Q 5 : T = Q 4 * 


Q 5 * Q 6 * /Q 7 + 


Q 4 * 


/Q 5 * /Qe * Q 7 + 


Q 4 * 


Q 5 * /Q 6 * Q 7 + 


Q 4 * 


/Q 5 * Q 6 * Q 7 ; 


Q 6 : T = Q 4 * 


Q 5 * Q 6 * /Ch + 


Q 4 * 


Q 5 * /Q 6 * Q 7 ; 


Q 7 : T = Q 4 * 


Q 5 * Q 6 * /Q 7 + 


Q 4 * 


Q 5 * Q 6 * Q 7 ; 



DiVIDE-BY-N COUNTER 

This counter, shown in Figure 1 and Table 6, 
takes an input (maximum = 8 bits for each 
device), complements it, and counts until all 
flip-flops become 1 , then a terminal count is 
sent out at B(0) (divide-by-N). At the end of 
the count, where ail fiip-fiops are rs, terms 
LA and LB are activated which causes the 
flip-flops to load data from F to F 7 , and the 
cycle starts again. Since there are 8 flip-flops, 
the maximum count is 256. 
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Table 5 
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INTRODUCTION 

A combination lock may be opened by enter- 
ing the correct numbers which match the 
preset security code that may be of any 
number of digits. Using a PLS157, an elec- 
tronic combination lock with user settable 
security code may be constructed. The secu- 
rity code may be one to five hexadecimal 
digits that can be preset by the user. The lock 
takes a 4-bit binary input as the "combina- 
tion" and a "Data Valid" input, which means 
ikM +Kg combination m nw be five dibits Ion" 
and each digit may be from to F. If the input 
matches the preset digit of the security code, 
the lock will wait for the next digit. If the input 
does not match the corresponding digit of the 
security code, the lock will reset itself to the 
first digit position again. The user may use as 
many as five digits for the combination which 
may be set by using five DIP switches or 
oti isr means. Ti ie iOck may ue useu in 
conjunction with a 4-bit binary encoded rotary 
switch, or an encoded push burton key pad, 
or an optical card reader, or a magnetic strip 
reader. The design takes advantage of the six 
JK flip-flops of the PLS157, the bidirectional 
i/O's, the complement array, and the general 
architecture of common product terms. 



DESCRIPTION 

Figure 1 shows an example of an electronic 
lock which uses five DIP switches to set the 
security code (hexadecimal to E, F is 
reserved for reset), a 4-bit binary encoded 
rotary switch to enter the combination at l to 
l 3 , and a single pole double throw push button 
switch, "Data Valid", as the clock which is 
debounced by the associated circuitry of pin 
B 5 . The security code is set with five DIP 
switches which are connected to a four line 



input (B(l)o to B(l) 3 ). The five DIP switches are 
multiplexed by the outputs of the flip-flops, Fo 
to F 4 . In norma! operation, one of the F/F 
outputs is Low (the content of the register 
being a "1") while the other five are High. 
The operation is actually a shift register with a 
zero bit shifting through five one's. Therefore 
only one DIP switch is pulled Low (selected) 
at any one time while the rest is deselected. 
The pin named "MATCH", B(0) 4 , is an I/O 
which outputs a High if the input matches the 
corresponding digit of the security code, oth- 
erwise it outputs a Low. A High output of 
B(0)4 enables the shift register to shift one 
position while a Low causes the shift register 
to reset to the starting position which is a "1" 
in F/Fo (flip-flop 0) (F is Low due the output 
inverter) and "O's" in the other five (Fi to 
F 5 = High). The state diagram of the design is 
as shown in Figure 2 where the state num- 
bers are expressed in two hexadecimal digits. 
The least significant digit consists of F3, F2, 
F^ and Fo; whereas the most significant digit 
consists of F 5 , and F 4 . At the top of the state 
diagram, the power-up and reset state is 00 
hex. When the outputs have more than one 
Low, as sometimes happens during power- 
up, the circuit automatically resets the regis- 
ters to 00 hex which causes all outputs to be 
High in order to prevent more than one DIP 
switch being enabled. After power-up or re- 
set, pushing the "Data Valid" button will 
initialize the circuit to have the first digit of the 
security code enabled. Subsequently, any 
false entry will cause the circuit to go back to 
the initialized state of 01 hex. When the first 
digit is correctly set and the "Data Valid" 
button pressed, the circuit goes to 02 hex and 
the second DIP switch is enabled while the 
first DIP switch is disabled. The circuit is now 
ready for the second digit. By repeating the 
process, the circuit keeps shifting the "1" in 



the shift register until it reaches F/F5 at which 
time the Low output may be used to trigger a 
solenoid. If at any time of the sequence, an 
incorrect digit is entered, the circuit reverts 
back to the initialized state of 01 hex. 

Notice that any of the five outputs from F-| to 
F 5 may be used as an output. Therefore, if, 
for example, a two digit security code is used, 
only two DIP switches are needed and the 
output is taken from F 2 to trigger a solenoid. 
After the last digit has been entered, all DIP 
switches are deselected and the inputs B(l)o 
to B(l)3 become 1111 binary, or F hex. 
Therefore, the hex number F is not used as a 
valid code but as an initialization input en- 
tered at Iq to I3. When the hex number F is 
entered, the circuit initializes itself to the 01 
hex state. After the last digit of the security 
code has been entered, if the "Data Valid" 
button is pressed again, the circuit sees a 
false entry and reinitializes itself. 

The design is implemented using a PLS157 
as shown in Table 1 , H/L Programming Table 
of Electronic Lock. P-terms to 14 are 
programmed as decoders. If an input 
matches the corresponding digit of the securi- 
ty code, one of the p-terms will be active 
which causes B(0) 4 to output a High which, in 
turn, enables the registers to shift to the next 
digit by terms 1 6 to 20. In the event that an 
incorrect input is entered, B(0) 4 outputs a 
Low which, in turn, causes the registers to be 
set 000001 binary by term 21 . If an input of F 
is entered, term 1 5 causes the registers to be 
000001. Terms 22 to 29 and RB ensure that 
no more than one register is "1" at a time. 
Terms 22 to 28 are connected to the comple- 
ment array, which in turn, drives terms 29 and 
RB to set the registers to 000000 when terms 
22 to 28 are inactive. 
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NOTES: 

1. All diodes are Philips BAT81 Schottky diodes or equivalent. 

2. Single pole double throw momentary switch. 
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Figure 1. Simple Block Diagram of Electronic Lock 
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Figure 2. State Diagram of Electronic Lock 
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Table 1. PLS157 H/L Programming Table 
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INTRODUCTION 

One of the many features of the PLS153 to 
159 series is the availability of individually 
controlled Tri-state I/O pins. Taking advan- 
tage of this feature, a Schmitt trigger may be 
constructed using one input pin, two bidirec- 
tional I/O pins and additional components of 
three resistors. The two threshold voltages, 
as well as the hysterisis, are determined by 
the values of the three resistors and the 
parameters of the PLS153/159 device, which 
are 1) input threshold voltage, V-j-h. 2) High 
output voltage, Voh, and 3) Low output volt- 
age, Vol- The circuit may be simplified if 
Schmitt function is needed only on Low going 
High or High going Low, and if the hysterisis 
and threshold voltages are not important. 

DESCRIPTION 

A simplified block diagram of a non-inverting 
Schmitt trigger is shown in Figure 1 where Ri, 
R 2 , and R 1f R 3 , form two pairs of voltage 
dividers one of which get into action at input 
voltage direction of High going Low and the 
other Low going High. Assuming that input 
voltage starts at zero volt, the output voltage 
is therefore at Vol which causes Q 2 to pull R 3 
towards ground. As the input voltage in- 
creases, only a fraction of the voltage is 



impressed upon the input buffer due to the 
dividing network R-| and R 3 . As soon as the 
input voltage reaches a point where Vi = V-th 
(V TH = 1 .38V typical), the output switches to 
Voh which, in turn, turns off Q2 and turns on 
Q1. V1 will jump to a value greater than Vth 
and Q-i then pulls the input pin, through R 2 , 
towards Voh. which in turn locks the output to 
a High state even if the input voltage fluctu- 
ates, as long as it does not fluctuate outside 
of the designed hysterisis. When the input 
voltage goes from a High to a Low, the 
Schmitt function repeats itself except that Q1 
and Q 2 reverse their roles. 

The triggering voltages, V H (Low going High) 
and V L (High going Low) are: 
V H = V TH [(Ri +R 3 )/R 3 ]-V l (R1/R3); 
V L = V TH t(Ri + R 2 )/R 2 ]-VoH (R1/R2); 
where, at room temperature, Vqc = 5.0V, 
Ioh/Iol < 1rr| A. Vth is tne threshold voltage 
of the device, typically 1.38V; Vol is the 
output Low voltage of the device, typically 
0.36V at | Iol I < 1mA; V h is the output 
High voltage of the device, typically 3.8V at 
| Ioh I < 1mA. 

The implementation of Figure 1 using 
PLS153/153A is as shown in Table 1, and 
Figure 2a. A scope photo of the operation of 
the circuit is shown in the Appendix. The 



implementation using PLS159 is shown in 
Table 2 and Figure 2b. In Tables 1 & 2, Vt is 
the input pin, Vo is the output pin, V 2 is the 
output which pulls down V-\ and V 3 is the 
output pin that pulls up V^ The Schmitt 
output is available at pin Bo for external use, 
and is available internally at the input buffers 
of l and B(l) . However, there is a propaga- 
tion delay between the two signals from the lo 
buffer and the B(l) buffer. 

An inverting Schmitt triggered buffer may be 
constructed using the same principle. A sim- 
ple block diagram of such inverter is shown in 
Figure 3a. The circuit is implemented using 
H/L programming table as shown in Table 3 
for PLS153 and Table 4 for PLS159. Table 3 
is also represented in logic symbols in Figure 
3b. If the voltage levels (Vl and V H ) and the 
hysterisis are not critical, one I/O pin may be 
used to pull the input pin High and Low. 
Therefore one I/O pin and a resistor may be 
saved. The drawback is that the range of Vh 
and Vl is quite limited. The circuit is as shown 
in Figure 4. 

If Schmitt function is needed only in one 
direction, one of the resistor/ output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 



-«■ 



Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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Table 1. PLS153/153A Programming Table 
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NOTE: 

Schmitt trigger output may be obtained from both 1 and B(1) to drive the AND-ARRAY. 
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b. Using PLS159 
Figure 2. Schmitt Trigger 
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Table 2. PLS159 FPLS Programming Table 
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b. Using PLS159 
Figure 3. inverting Schmitt Trigger 
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Table 3. PLS153/153A Programming Table 



CODE NO. 


































POLAR1 


TY 




1 1 1 I 1 


I IlIUl 


T 
E 
R 
M 

_0j 


AND 


REMARKS 


OR 




1 


a 





8(0) 




7 


6 


5 


4 


3 


2 


1 





9 


e|7 


6 


5 


ill 


2 


1 





9 8|7 6 5 4 


[32 10 REMARKS 










































, • • A *W. BUFFBtl 


1 


6 





e 


ft 


Jo 




















b 











© 


6 









! • A • OUTPUT V»H 


_2j 










































j A * • OOTFVT Vm. 


3 












































_4j 












































5 












































_6j 












































7 












































8 












































9 












































10 












































Jl 












































E 












































13 










I 


1 






























14 










L 


■ 1 


























-j- J | 




15 












1 

1 






























16 












1 






























17 








































18 


i 








i 






























S 












































20 












































12? 








i 




































22 












































23 












































24 












































25 












































26 












































27 












































28 












































^29 












































30 












































31 












































D9 






































i w^nr»nn» 




r 
i 


Mill 


D8 






































f 


1 1 1 1 1 


D7 






































) 


I 1 1 1 i 


D6 


H 




































1 
i 


1 1 1 1 1 


D5 






































' 


1 1 1 1 1 


D4 






































) 


1 1 1 1 1 


D3 








































1 1 1 1 1 




D2 




































M 


D1 




































L 


) 


I j 1 1 1 




DO 






































1 


1 I I l I 




PN 


8 


7 


6 


5 


4 


3 


2 


1 


19 


18 


17 


16 


15 


14 


13 


12 


fl 


9 




19 18 17 16 15 14 


1312119 CO 


cc 

< 
S 

UJ 

cc 


_i 


i 


I 




! 






I 










I 














in 
CO 
CL 



Q 



November 1986 



9-115 



Signetics Application Specific Products 



Application Note 



Schmitt Trigger Using PLS153 and PLS159 



AN18 



Table 4. PLS159 FPLS Program Table 
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V L = 0.78 V, V H = 16 V 



Figure 4. Schmitt Trigger Using One I/O Pin 
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Figure 5. Schmitt Tr 
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APPENDIX A 




NOTE: 

R, = 3.9kfi, R 2 = 10.8kfi, R 3 = 2.0kfi, Vco = 5.0V, Ambient temperature « 25°C 



Figure A-1. A Non-Inverting Schmitt Triggered Buffer 
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DESCRIPTION 

A PLS1 59 is used to implement a pair of dice. 
Each die is represented by a series of six 
different state transitions. Two push button 
switches are used to "roll" the dice; in other 
words start/stop the state transitions. Each 
push button controls one die. When the 
switches are held low, the state transitions 
take place for each die and the result is 
displayed when a push button is released. 

Each die is made up of seven LED's which 
are connected to the outputs of the PLS159. 
The system also contains its own oscillator 
which generates the clock cycle necessary 
for the state transitions. 

The random release of the push button pro- 
vides a random output. The high frequency of 
the internal oscillator and the fact that the 
switches are not debounced, add more "ran- 
domness" to each event. 

The overall system configuration is shown in 
Figure 3. 



LOGIC IMPLEMENTATION 

The configuration of each die is shown in 
Figure 1, with each letter representing an 
LED. 

To represent the numbers one through six the 
LED's are turned on as shown in Figure 2. 

Table 1 is the truth table generated from 
Figure 2. 
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Figure 2. Number Representation 



Table 2. Truth Table for PLS159 
Outputs 



Table 1. Truth Table for Dice 
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Six 
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1 



The result of Table 1 is the following logic 
equations: 

A = Four + Five + Six; 
B = Four + Five + Six; 
C = Two + Three + Six; 
D = One + Three + Five; 
E = Two + Three + Six; 
F = Four + Five + Six; 
G = Four + Five + Six; 

As can be seen from the above logic equa- 
tions: 

A==B=F=G; 
C=E; 

Table 2 is the result of Table 1 and the above 
common terms. 
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For each die, three outputs of the PLS1 59 are 
needed to implement the logic in Table 2. 
These outputs are connected to the LED's as 
follows: 

FO: A, B, F, G; 
F1: C, E; 
F2: D; 

Similarly for the second die: 

F3: A', B', F', G'; 
F4: C, E'; 
F5: D'; 
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Figure 3, Dice Implementation Using the PLS159 
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STATE TRANSITIONS 

Figure 4 shows two arbitrary state transition 
sequences which are used to implement each 
die. 

These state transitions are implemented in 
the program table of the PLS159. 



INTERNAL OSCILLATOR 

An internal oscillator is also implemented for 
the system. The internal configuration of the 
oscillator is shown in Figure 5. For a detailed 
explanation of the implementation of this 
oscillator see AN13: Oscillator with the 
PLS159. BO is connected externally to the 
clock input of the PLS159. 



EXPLANATION OF PROGRAM 
TABLE 

The program table for the two dice is shown 
in Table 3. 

Terms 0-5 and 7-12 represent the state 
transitions for each die. 

Terms 14-15 and 17-18 reset the flip-flops 
to HLL and HLH if undefined states occur, 
such as during power up. 

Terms 20 and 21 and output controls terms 
D1 and D2 are used to implement the internal 
oscillator (see AN13). 

Inputs 10 and 11 are connected to the two 
push button switches which roll the dice. 
These inputs are programmed to be Active- 
Low. When the push button is closed the 
state transitions take place, and upon release 
of the push button, the current states are 
displayed on the outputs. 



The outputs of the PLS159 are inverted and 
this must be taken into consideration when 
assigning "H" and "U'stothe F0, F1.F2, F3, 
F4, and F5. These assignments are shown in 
Table 4. All the flip-flops are set to be of the 
J-K type. 



Table 4. H And L Assignment 
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Figure 4. Arbitrary State Transitions 
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Figure 5. Oscillator Configuration 
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Table 3. Program Table for 2 Dice 
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INTRODUCTION 

The 82S159 is a field-programmable logic 
sequencer which is self-contained as a logic 
sequencer except for the need of a system 
clock and/or one or more debounced 
switches. Generally, most of the debouncers 
circuits utilize a cross-coupled NAND/NOR to 
form an RS-latch which takes two input pins. 
To economize the I/O pin consumption, a 
single I/O pin may be used to debounce a 
single pole double throw switch. This scheme 
is applicable to all Signetics PLD's (Program- 
mable Logic Devices) that have non-regis- 
tered bi-directional l/O's, including 82S153/ 
153A, and 82S155. 



DESCRIPTION 

Figures 1 a and 1 b are logic diagrams of the 
circuit which utilizes one I/O pin of the 
82S153/153A and 82S159 respectively to 
form a debouncer. The single pole double 
throw switch is connected, at one terminal, to 
Vcc, and, at another terminal, to ground. The 
blade of the switch is connected to BO. BO is 
programmed as an output. The input buffer of 
BO is programmed to drive a p-term which, in 
turn, drives the output BO. The circuit latches 
to whichever state it is in. As an example, 
assuming that the output BO is connected to 
Vcc through the switch, and its output is a 
"1". When the switch is flipped from Vcc to 
ground, BO is momentarily short circuited to 



ground. After one propagation delay (15- 
30ns), BO is set to "0" and no more current 
will flow from BO. If the switch is flipped back 
to Vcc, BO will be shorted to Vcc f° r °ne prop 
delay and will be set to a "1" and will stay a 
"1" until the switch is flipped again. The 
switch may bounce while the blade breaks 
from one terminal and bounce again while it 
makes contact with the other terminal. As 
long as the movement of the blade is smaller 
than the gap which separates the two termi- 
nals, the output will remain stable. 

The circuit is implemented in an 82S159 
using AMAZE as shown in Figures 2 & 3, and 
Table 1. 
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INPUT TO 
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a. Using 82S153/153A 
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V. 



1 



DEBOUNCED SIGNAL 
TO OTHER PINS OR CHIPS 



b. Using 82S159 
Figure 1. Single Pin Switch Debouncer Circuit 
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Figure 


2. 


Pin 


List 









******************** DEBOUNCE ******************** 
SDEVICE TYPE 
82S159 
SDR AWING 

************ SINBLE PIN DEBOUNCER 
PREVISION 
************ REV - 
©DATE 

************ xx/xx/xxxx 
SSYMBOL 

## , s ,, tt'ft'ttfr , K : ##'M--& DESCUNwH 
SCOMPANY 

************ SI6NETICS 
@NAME 

^DESCRIPTION 

This circuit accepts a single pole double pole switch which switches between 
Wcc and BROUND. BO is used as input, but it is defined in AMAZE as output. 
BO may be used to drive the rest o-f the logic circuit or it may be used 
in conjunction with one o-f the internal flip flops as registered input to 
handle asynchronous input to a state machine. 
SCOMMON PRODUCT TERM 
^COMPLEMENT ARRAY 
©I/O DIRECTION 
^OUTPUT POLARITY 
@FLIF FLOP CONTROL 
SOUTPUT ENABLE 
SRESISTER LOAD 
©ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 
SLOG I C EQUATION 
SWITCH = SWITCH ; 

" *********************************************** 

* BO WITH LATCHED INPUT * 

*********************************************** " 
/INPUT LATCH 5 D = SWITCH ; 



Figure 3. Boolean Equation File 
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Table 1. Programming Table 
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9-Bit Parity Generator/Checker 
With 82S153/153A 



Application Note 



INTRODUCTION 

This application note presents the design of a 
parity generator using Signetics PLD, 82S153 
or 82S153A, which enables the designers to 
customize their circuits in the form of "sum- 
of-products". The PLA architecture and the 
10 bi-directional l/O's make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring be- 
tween pins. A logic diagram of the device is 
shown in Appendix A. 

The parity of an 8-bit word is generated by 
counting the number of "1's" in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a "0" if the 
parity is even, or a "1" if parity is odd. 
Conversely, an odd parity generator will gen- 
erate a "0" if the parity of the word is odd, or 
a "1" if the parity is even. This bit is then 
concatinated to the word making it 9-bits 



long. When the word is used elsewhere, its 
parity may be checked for correctness. 

FEATURES 

• Generates even and odd parities 
(SUM E and SUM ) 

• SUMe = "1" for even parity, "0" for 
odd parity 

• SUM = "1" for odd parity, "0" for 
even parity 

• Generate parity or check for parity 
errors 

• Cascaded to expand word length 

DESCRIPTION 

The most straight forward way of implement- 
ing the parity generator/checker is to take the 
9-input truth table (8 inputs for the 8-bit word, 
and 1 input for cascading the previous stage) 
and put it in a 256 X 4 PROM. Since there 
are 2 9 combinations and half of them is odd, 



the other half is even, the circuit will take 256 
terms. An alternative is to divide the 9-bits 
into 3 groups of 3-bits as shown in Figure i . if 
the sum of the 3-bits is odd, then the interme- 
diate output SU1, or SU2, or SU3 equals 1. 
Otherwise it equals 0. The intermediate re- 
sults are grouped together and SUMo be- 
comes "1" if the sum is odd, otherwise 
SUMo equals "0". The circuit is implemented 
using AMAZE as shown in Figure 3. SU1 is an 
intermediate output for inputs lo, h and l 2 . In 
the same manner, SU2 and SU3 are interme- 
diate outputs for l 3 , l 4 , l 5 and ^ I7, Is- The 
design uses up 16 product terms and 5 
control terms leaving 1 6 product terms and 4 
bi-directional l/O's to implement other logic 
designs. 

The design is tested by using the logic 
simulator provided by AMAZE. The input test 
vector is chosen to exhaustively test for all 8 
input combinations at all 4 sections of the 
circuit. 
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Figure 1. Block Diagram of 9-Bit Parity Generator/Checker 
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******************** PARGEN ******************** 
SDEVICE TYPE 
82S153 
@DR AWING 

«*»************«********#*«**** PARITY GENERATOR/CHECKER 
SREVISION 

******************************* REV, - 
©DATE 

******************************* xx/xx/xxxx 
§SYMBOL 

******************************* FILE ID: PARGEN 
^COMPANY 

******************************* SIGNETICS 
SNAME 

^DESCRIPTION 
********************************************************************* 

* This circuit is a 9-bit parity generator /checker commonly used * 

* for error detection in high speed data transmission/retrieval. * 

* The odd parity output (SUMO) is high when the sum of the data * 

* bits is odd. Otherwise it is low. * 

* The even parity output (SUME) is high when the sum of the data * 

* bits is even. It is low otherwise. * 
********************************************************************* 
SCOMMON PRODUCT TERM 

@I/0 DIRECTION 

********************************************************************* 

* SU1, SU2 and SU3 are outputs which are defined in the PIN LIST * 

* and therefore they don't need to be defined here again. * 
********************************************************************* 

©OUTPUT POLARITY 

********************************************************************* 

* The output polarities of different outputs are defined in the * 

* PIN LIST. They don't have to be defined again here. * 
********************************************************************* 

SLOG I C EQUATION 



*********** 



*****#*********************************************< 
* SU1, SU2, and SU3 are intermediate terms * 

********************************************************************* 
TRUTH TABLE 





INPUTS 






OUTPUTS 




SU3 


SU2 


SU1 


SUMO 


SUME = 


= /SUMO 


18 


17 


16 


SU3 






15 


14 


13 


SU2 






12 


11 


10 


SU1 







SU1 = /I2 * /II * 10 + /I2 * II * /IO + 

12 * /II * /IO + 12 * II * 10 ; 

SU2 = /I5 * /I4 * 13 + /I5 * 14 * /I3 + 

15 * /I4 * /I3 + 15 * 14 * 13 ; 

SU3 = /I8 * /I7 * 16 + /IB * 17 * /I6 + 

18 * /I7 * /I6 + 18 * 17 * 16 ; 

SUMO = /SU1 * /SU2 * SU3 + /SU1 * SU2 * /SU3 + 

SU1 * /SU2 * /SU3 + SU1 * SU2 * SU3 ; 

SUME = /(/SU1 * /SU2 * SU3 + /SU1 * SU2 * /SU3 + 

SU1 * /SU2 * /SU3 + SU1 * SU2 * SU3) ; 



Figure 3. AMAZE Implementation of the Parity Generator/Checker Circuit 
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«»****•<- *#*****#******#********»*#********* +# *#**^****** ## **** # **** ##< 




* This is a test pattern for the 9-bit parity generator/checker * 




*■ circuit. The simulator will use this file as an input to * 




* Simula 


te the logical function. * 




****♦■***■*■* 


S3 EXPECTED 
UU SSS OUTPUTS 




" 1 1 1 1 1 1 1 1 


MMBBBBUUUI BBBBB 




"7&543210 


E07S543£18 98321 




LLLLLLLL 


/////////L "HLLLL 




HLHHLHLL 


/////////H "LHLLH 




LHHLLHHL 


/////////H "LHLHL 




HHLHLLHL 


/////////L "HLLHH 




LLHLHHLH 


/////////H "LHHLL 




HLLHHLLH 


/////////L "HLHLH 




LHLLHLHH 


/////////L "HLHHL 




HHHHHHHH 


/////////H "LHHHH 




QUIT 


a. Input Pattern PARGEN.TST 


T600600S 


823153 A 


i pargen . 3TD 




" This -fil 


e is the result of logic simulation of the parity generator /chec 


ker 


" circuit. 


The inputs are read from input file PARGEN.TST 




INPUTS 


<=BU/0)=> TRACE TERMS 




" 76543210 


9876543210 




oooooooo 


HI LLLO ; 




10110100 


LH LLH1 ; 




01100110 


LH LHL1 ; 




11010010 


HI LHHO ; 




00101101 


LH HLL1 ; 




10011001 


HI HLHO ; 




1 00 1011 


HL = , . = HHLO ; 




11111111 


LH HHH 1 ; 






1/U LUN 1 hUL LiNtb 




" 


OOIIIIOOOI DESISNATED I/O USAGE 




" 


00IIII000I ACTUAL I/O USAGE 




" PIN LIST 






" 08 07 06 


05 04 03 02 01 19 18 17 16 15 14 13 12 11 09 ; 

b. Output File From SIMULATOR 
Figure 4. Test Vectors 


TB00601S 

i 



November 1986 



9-129 



Signetics Application Specific Products 



Application Note 



9-Bit Parity Generator/Checker With 82S153/153A 



AN21 



APPENDIX A 



- (LOGIC TERMS— P) - 



- (CONTROL TERMS)- 
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^^pip t»J»p<Jnj«*>cln|i pt^fjtjippp pp<j>ppppp s, %jfo^D 7 %^ 



i I l >-=j[>4- 



. p o o g o o 

d, id 7 Td 6 D 5 j 4 |0 3 Td 2 Oi d 



> 



T~- 



rrr 



^T c 



NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1" 

2. All programmed "OR" gate locations are pulled to logic "0". 

3. Programmable connection. 



Figure A-1. FPLA Logic Diagram 
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a. Basic Gates Configuration 











TK151- 


-l ******************** 


##################### 


P I N 


L I 


S T 








LABEL 


»« 


FNC 


**PIN 




- PIN** 


FNC 


** LABEL 


A 


** 




** 


1-: 




-20 


• » 


+5V 


**VCC 


B 


** 




** 


2-! 




-19 


** 





**A NOR B 


D 


*# 




** 


3-! 




-18 


** 


/O 


**A OR B 


E 


#* 




*» 


4-! 


8 


-17 


** 


/D 


**D NAND E 


N/C 


** 




** 


5-: 


2 


-16 


** 


a 


**A AND B 


N/C 


*» 




«« 


6-: 


S 


-15 


** 


/O 


#«AB OR DE 


N/C 


** 


/B 


** 


7-: 


1 


-14 


** 





**AB NOR DE 


N/C 


** 


/B 


** 


8-! 


s 


-13 


** 


/O 


•*A XOR B 


A- N B 


** 





** 


9-: 


1 


-12 


*• 





**A EQU B 


GND 


** 


ov 


#* 


io-: 




-11 


** 





**A N B- 










b. 


Pin Li 


St 
















Figure 1 
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TK151-1 ********** 
8DEVICE TYPE 
************ 82S151 
•DRAWING 

************ FIGURE 1. BASIC SATE CONFIGURATIONS 
SREVISION 

************ TK1S1-1 REV. 
©DATE 

************ JULY 10, 1985 
■SYMBOL 

************ TK151-1 
SCOMPANY 

****••***•** SIGNETICS 
SNAME 

************ DAVID K. WONG 
SDESCRIPTION 

This file contains the & basic logic gates: AND, NAND, OR, NOR, XOR and EQU. 
©COMMON PRODUCT TERM 
ei/O DIRECTION 
«XJTPUT POLARITY 
ei/O STEERING 
SLOG I C EQUATION 
A_AND_B = A * B ; 
D_NAND_E 
A_OR_B 
A_NOR_B 
AB_OR_DE 
AB NOR DE 



= /( D * E > ; 

= /< /A * /B > ; 

= /A * /B ; 

= /< /CA_AND_B> * D_NAND_E > 

= /<A_AND_B) * D_NAND_E ; 



A_N_B- = A * /B ; 

A-_N_B = /A * B ; 

A_XOR_B = /</<A_N_B-> * / (A-_N_B) ) 

A_EQU B -/(AN B-) * /(A- N B) : 



Equivalent to <A * /B) + </A * 
Equivalent to </A * /B) + (A * 



c. Boolean Equations of Basic Gate Configurations 
Figure 1 (Continued) 



Table 1. 


Program Table of 


Basic Gate Configurations 




•***•**•**••**•**••• 


TK151-1 






********** 




Cust/Project - 


**••••*••»•• DAVID 


K. 


WONS 




Date 


************ JULY 10, 


1985 




Rev/ I. D. 
82S1S1 DIR 


4 


Hi-********** TK151- 


■1 


REV. 





A: 


A: A: 


AsAi 


A: A: A: At A: A: A 




T 
E 
R 


POL 


!H:LiL: 


H:L: 


HiL:HiHiHiLiL 






I 


1 
1 


1 







B(i) 






! 




" 


5 4 3 2 1 





9 


8 7 


6 5 


4 3 


2 


1 









0,0 














0,0 





0,0 












1 


0,0 














0,0 





0,0 












2 


























3 


























4 


























S 


























6 


























7 


























8 

9 

10 

11 

D2 


- -,- - H 
,H H - 

- -,- - L 


H 

L 

L 


- 


- 


- 


_'_ 




_'_ 


- 








- 


- 


- 


"'- 




-'" 


- 








Dl 


























DO 












'-,- 




"'- 










N N E D B 


A A 


A 


D 


A A 


A A 


A A 


A 


N N 




/ / 








B 


B 




- 


/ / 




C C 


N 





N 


A 


X 


E N 




C C 









R 


A 


N 


N 


Q 


N 








R 




N 


D R 


R 


U B 












B 


D 




R 


- 


B 








B 




E 


B D 

E 


B 
D 

E 


B 
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A 



a. Basic Latches Configuration 



**»*****♦*♦***»***■»* TK151— 2 
PIN 



LABEL 
Rl- 


** 
** 


FNC 


**PIN 
»* 1- 




- PIN** 
-20 ** 




•* LABEL 
**VCC 


Sl- 


*• 




** 


2- 




-19 


** 


/o 


**Q1 


RR2 


** 




** 


3- 




-18 


#» 


/o 


**Q1- 


SS2 


»* 




** 


4- 


8 


-17 


»* 





**Q2 


DIN 


*♦ 




** 


5- 


i 2 


-16 


♦» 





**Q2- 


LE- 


## 




»* 


6- 


S 


-IS 


** 


/o 


»*Q3 


N/C 


** 


/B 


** 


7- 


i 1 


-14 


** 





»»D N LE 


N/C 


»* 


/B 


## 


8- 


5 


-13 


*» 





**Q3 N LE- 


N/C 


#* 


/B 


** 


9- 


: l 


-12 


*» 


/B 


»»N/C 


BND 


## 


OV 


** 


10- 




-11 


** 


/B 


**N/C 












b. Pin Li 


St 


















Figure 1 


2 
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<HH Hn»»mim ii imn i c«» ic« TK151-2 
•DEVICE TYPE 
82S151 
•DRAWING 

************ FIGURE 2. BASIC LATCHES CONFIGURATION 
•REVISION 

************ TK151-2 REV. O 
•DATE 

************ JULY lO, 1985 
•SYMBOL 

•COMPANY 

************ SIGNETICS 

•NAME 

************ DAVID K. WONG 

•DESCRIPTION 

This files contains basic configurations of two RS-latches and a D-latch. 

•COMMON PRODUCT TERM 

• I/O DIRECTION 

•OUTPUT POLARITY 

•I/O STEERING 

•LOGIC EQUATION 



* 


CROSS-COUPLED NAND RS-LATCH 


* 


Ql- 

QI 


- /< /Rl- » 01 ) } 

- /< /SI- * 01- ) « 




* 


CROSS-COUPLED NOR RS-LATCH 


* 


Q2- 
Q2 


» RR2 * Q2 ; 
- SS2 » Q2- ; 

D-LATCH 


* 



D_N_LE - DIN » LE- | 
Q3_N_LE- « Q3 » /LE- I 
Q3 - /< /(D_N_LE> » /<Q3_N LE-) ) ; 



c. Boolean Equations of Basic Latches Configuration 
Figure 2 (Continued) 



Table 2. Program 


Table of Basic Latches 










***** 

Cust/r 

Date 
R»v/I 

82S1S 


HHHHHHHH 

*roj«ct - 
D. 

DIR 
POL 




TK131- 


-2 «HH 

DAVID 

JULY 

TK131 


K 
O 
-2 


HHHHHHHMWMM 

WONG 

1983 

REV. 


- ************ 


!AtA 


At Ai Ai At At A) As Ai As A 




T 
E 
R 
M 



1 

2 
3 

4 
5 
A 
7 
8 




•L:L 


HiH:L:H:HlLiL:L 


LiL 












! 


1 

.0. 


o 










B<i) 










s 






L 
H 


.4 3 
0,0 
0,0 
0,0 
0,0 
0,0 


2 







.1. 
O 







Oil 
0!0 
0!0 
0!0 
010 
0!0 


.9. 
O 
O 
O 
6 



-S_7 
0,0 
0,0 
0,O 
0,0 
0,0 


6 
O 






S 4 3 
0,0 

O o,o 
o o,o 

0,0 
0,0 


2 







1 



6 



.0 

o 
o 








H,- 


H 




-! — 




H 


L 


L -,- 










9 
10 
11 
D2 
Dl 
DO 




-,H 




L 



L!H 


H 





H,- 




.- 













0,O 





0!0 





0,0 





0,0 













L 
E 


D S 
I S 
N 2 


R 
R 

2 


S 

1 


R 

1 1 


Q 
1 


Q 

2 


Q Q 
2 3 


D 

N 

L 
E 


Q N N 
3 / / 
_ C C 
N 

L 
E 


N 

/ 
c 


N 
/ 
C 


N 
/ 
C 
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a. 4-Bit D-Latch 



*######»####»######## PIN LIST MM****************** 



LABEL 
DINO 
DIN1 
DIN2 
DIN3 
LE- 
N/C 
N/C 
N/C 
N/C 
GND 



** FNC »*PIN — 
** I *» 1-! 



** /B *» 7— 

** /B ** 8- 

** /B ♦* 9- 

** OV *» 10- 



- PIN** FNC ** LABEL 
i-20 »* +5V **VCC 

-19 ** B **S0 

-18 ** B **Q1 

-17 ** B **Q2 

-16 ** B **Q3 
!-15 ** B **FB0 
!-14 ** B **FB1 
• -13 ** B **FB2 
!-12 ** B **FB3 
i-11 ** /B **N/C 



b. Pin List 
Figure 3 
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•a******************* TK151-3 »*«♦■****♦**■***♦**■»» 
©DEVICE TYPE 
82S1S1 
©DRAWING 

*•*•*••***•* FIGURE 3. 4 BIT D-LATCH 
©REVISION 

»»**»♦»*»»»* TK151-3 REV. O 
@DATE 

******»»♦»** JULY lO, 1985 
©SYMBOL 

*****>**•*-»•• TK151-3 
eCOMPANY 

»»***»*♦•**♦* SIBNETICS 
©NAME 

»*»«*****»»* DAVID K. WONG 
©DESCRIPTION 

This -file contains a 4-bit D-latch. External jumper is required for each latch 
between On and FBn. When LE- is HI6H, outputs QO, Ql, Q2, and Q3 Are active and 

outputs FBO, FBI, FB2, and FB3 are tri-stated. On, there-fore, equals Dn when 
LE- is HIGH. When LE- becomes LOW, Q outputs are tri-stated, and FB outputs are 
active. Since FB outputs -feedback to their own inputs, they are latched to 
whatever level the Q outputs were in when LE- goes from HIGH to LOW. 
©COMMON PRODUCT TERM 
©I/O DIRECTION 



DO 


= /< /LE- ) 


Dl 


= /< LE- ) 


©OUTPUT POLARITY 


ei/o 


STEERING 


©LOGIC EQUATION 


QO 


= DINO 




Ql 


= DIN1 




Q2 


= DIN2 




Q3 


= DIN3 




FBO 


= QO 




FBI 


= Ql 




FB2 


= Q2 




FB3 


= Q3 





c. Boolean Equations of 4-Bit D-Latch 
Figure 3 (Continued) 



Table 3. Program 


Table of 4-Bit D-Latch 




Cust/Proj« 
Date 
Rev/ I. D. 

82S1S1 

~T~! 


h*****»**»«» TK151- 

ict — **■»***♦«*»*« 

- ***♦»♦****** 

— »♦♦*♦******* 


DAVID K. WONG 
JULY 10, 1985 
TK151-3 REV. 




DIR !A 


A 


A 


A:AiA 


A:A:A:A:A:A! 


POL !HiH 


H 


H:H:H 


H:H:LsL:L:L! 


R ! 




I ! 


1 





B(i) ! 


!5 


4 3 


2 1 0!1 


9 


8 7 6 


5 4 3 2 10! 


0!0 
1!0 
2!0 
3!0 
4!- 
5!- 
6!- 
7!- 


0,0 
0,0 
0,0 

o,o 


0!0 
0!0 
O 0!O 
- O! 

- - -!H 






o 

H 







H 


0,0 

o,o 

0,0 
0,0 
H, 


0,0 O O! 
0,0 O O 0! 
O O,0 0! 
0,0 0! 


B!- 
9!- 
10!- 
11 !- 
D2!0 
Dl!- 
DO!- 


-,H 
0,0 


H - -■- 

- H -!- 

- - H!- 
0!0 








o,'o 


0,0 0! 




1 








' 


' 


' 








* 


' 


N 
/ 

C 


L D 
E I 
- N 

3 


D D D Q 

1 I I 
N N N 

2 1 


Q 
1 


Q 

2 


Q F F 

3 B B 

1 


F F N N N N 
B B / / / / 
2 3 C C C C 
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> 



< 



■*-*» 



Switch Debouncer 



rl> 



ho 



LD01310S 

Pulse Shaper 
a. Single Pin Switch Debouncer and Pulse Shaper 



******************** TK151- 



******************** 

LIST #**####*#*#•##*##*#** 



IN2 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
GND 



** FNC **PIN 



** /B ** 8- 



** OV ** 10- 



PIN** 


FNC 


** LABEL 


-20 ** 


+5V 


**vcc 


-19 ** 





**IN1 


-18 ** 


/O 


**IN2- 


-17 ** 





**0UT2 


-16 ** 


/B 


**N/C 


-15 ** 


/B 


**N/C 


-14 ** 


/B 


**N/C 


-13 ** 


/B 


**N/C 


-12 ** 


/B 


**N/C 


-11 ** 


/B 


**N/C 



b. Pin List 
Figure 4 
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**•****•*****•***•** TK 151-4 ******************** 
6DEVICE TYPE 
82S1S1 
SDR AWING 

************ PLS151 TOOLKIT F I SURE 4 
©REVISION 

************ tk 151—4 REV. 
eDATE 

*•*•*••*•**• JULY 10, 1985 
eSYMBQL 

*••*••*•••*• TK151-4 
6C0MPANY 

****•••**•*• SIGNETICS 
@NAME 

************ DAVID K. WONG 
^DESCRIPTION 

This file contains a single pin debouncer and a pulse shaper. 
6COMMON PRODUCT TERM 
81/0 DIRECTION 
eOUTPUT POLARITY 
ftl/O STEERING 
eLOGIC EQUATION 
" *•*****•*****•****•******•***•*•*•**••**•****•*****•**••*********• 

* DEBOUNCER — This circuit uses one bidirectional pin to de- * 

* bounce a single pole double throw switch. When • 

* the switch is thrown to its opposit polarity, * 

* it shorts the output to \fcc or ground. One pro— * 
» pagation delay later, the output is switched to * 

* the same polarity as the switch. * 
****************************************************************** 

INI = INI ; 

" ***********•*****•**********•****•••***••**•*•**•**••**••••*••*•** 

* PULSE SHAPER — This circuit creates a LOW-to-HGH glitch * 
< which has the pulse width o-f one prop delay. * 

* Wider pulse width may be generated with add- * 

* itional -feedback loops. • 
*••*••**•****•*••*****••***•******•****•*•****•*****••*****•*•***« 

IN2- = /< IN2 ) ; 
0UT2 = IN2- * IN2 s 



c. Boolean Equations of Single Pin and Pulse Shaper 
Figure 4 (Continued) 



Table 4. Program 


Table of Single Pin Debouncer and Shaper 


******************** TK151- 


-4 ******************** 


Cust/Project - 


- ************ 


DAVID K. WONG 


Date 






- ************ 


JULY 10, 1985 


Rev/ 1 
82S15 


D. 
L 


DIR 
POL 


- ************ 


tk 151-4 REV. 


!A:A:A:A:A:A 


A:A:A:A:A:A! 


T 
E 
R 
M 




!H:LsH:L:L:L 


LsL:L:L:L:L! 


I ! B(i) ! 


5 


4 3 


7. 1 


0!1 9 8 7 6 


5 4 3 2 1 O! 








0,0 





0!0 0,0 


0,0 0! 


1 





0,0 





0!0 o o,o O 


0,0 0! 


2 





0,0 





OiO 0,0 


0,0 0! 


3 





o,o 


O 


0!0 0,0 O 


0,0 0( 


4 





0,0 





OiO 0,0 


0,0 0! 


5 





0,0 


O 


0!0 0,0 


O 0,0 O 0! 


6 





0,0 





OiO 0,0 


0,0 0! 


7 





0,0 


O 


OiO 0,0 


O,0 O 0! 


8 

9 

10 

11 

D2 





o,o 





OiO 0,0 o 

Hi- H , 

Hi -,- - 

-!H , 

0!0 0,0 


0,0 O! 





0,0 





0,0 0! 


Dl 





0,0 





OiO o,o 


0,0 0! 


DO 














* 




* 


' 


N 


N N 


N N 


I I I N N N 


N N N N N N 


/ 


/ / 


/ / 


N N N U / / / 


////// 


C 


C C 


C C 


2 1 2 T C C C 
- 2 


C C C C C C 
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INTRODUCTION 

THE PLS168/168A is a bipolar Field-Pro- 
grammable Logic Sequencer as shown in 
Figure 1, which consists of 12 inputs, a 48 
product term PLA and 14 R/S flip-flops. Out 
of the 14 flip-flops, six are buried State 
Registers (P4-P9), four Output Registers 
(F0-F3). and four Dual-purpose Registers 
(Po _p 3). which may be used as Output or 
State Registers. All flip-flops are positive 
edge-triggered. They are preset to "1" at 
power-up, or may be asynchronously set to 
"1" by an optional PR/OE pin, which may be 
programmed either as a preset pin or as an 
Output Enable pin. Additional features in- 
cludes the Complement Array and diagnos- 
tics features. 



ARCHITECTURE 

As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs Po to P3 may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without exter- 
nal wiring. The AND/OR array is the classical 
PLA structure in which the outputs of all the 
AND gates can be programmed to drive all 



the OR gates. The schematic diagram of the 
AND-OR array is shown in Figure 3. This 
structure provides the user a very structured 
design methodology which can be automated 
by CAD tools, such as Signetics AMAZE 
software package. The output of the PLA is in 
the form of sum-of-products which, together 
with the RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of synchro- 
nous finite state machines.) 

Design Tools 

A direct approach to implement a design 
using the PLS168/168A is the H/L table 
supplied in the data sheet as shown in Table 
1. Trie table is organized according to input 
and output of the PLA decoding network. The 
lefthand side of the table represent the inputs 
to the AND-array, which includes input from 
input pins and present state information from 
the feedback buffers which feedback the 
contents of the State Register. The righthand 
side of the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 
inverting, non-inverting, disconnected or un- 
programmed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 



disconnected, or unprogrammed. The pro- 
gramming symbols are H, L, -, and 0. (See 
Figure 4 for details.) For inputs buffers, "H" 
means that the non-inverting buffer is con- 
nected, "L" means that the inverting buffer is 
connected, "-" means that both inverting 
and non-inverting buffers are disconnected, 
and "0" means that both inverting and non- 
inverting buffers are connected which causes 
that particular AND-term to be unconditionally 
Low. On the output side of the table, "H" 
means that the particular AND-term is con- 
nected to the OR-term on the "S" input of the 
particular flip-flop, "L" means that the AND- 
term is connected to the "R" side, "-" 
means that the AND-term is not connected to 
the flip-flop at all, and "0" means that the 
AND-term is connected to both the "S" and 
"R" sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an AND- 
term. There are 48 AND-terms in the device. 
Therefore, there are 48 rows in the table. An 
example of implementing a transition from 
one state to another is shown in Figure 4a. 
The state diagram can be implemented by the 
PLS168 as shown in Figure 4b. The state 
diagram is translated into H/L format as 
shown in Figure 4c. The first column on the 
lefthand side of the table is for the Comple- 
ment Array which will be discussed in detail in 
the next section. 
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h - 



3 <r 



- (LOGIC TERMS— T)- 

, t . . , 



- 



— r 



22 -<j 



'I'l l 



I " "*c 



»< : ; ' ; ' 



I ' ■ ' 

■1—1 — ' — 



18 <T 



! : 



i i . 1 ' 



-1— 



— — t- 



— ^~ 



— 



P| ° 09000OOP 9OOPOPOO ppp?pppp po6c>pqp9 ppijjppppp pppppppp * 

L_J C — , , , , , , , 1 , , i , .!. ; , | 1 ■ : 1 ■ I i i ■ ■ — — 1> 



NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1". 

2. All programmed "OR" gate locations are pulled to logic "0". 

3. Programmable connection. 

Figure 1. Logic Diagram of PLS168/168A 
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Table 1. PLS168/168A Programming Table 



CUSTOMER NAME 
































AND ! OR 








NACTIVE 


j 
1 


INACTIVE 






CF (XXXX) 


GEN£«»TE A 










PflOMGATC • 


MMT I. 


S- F r 






~— " - 


























»U£TIVE 0_ 




OPTION 


BPU ._ 






.f L 




~EMT « 


« 


nm 
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Figure 2. The Architecture of PLS168/168A 
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Figure 3. Schematic Diagram of AND-OR Array 
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b. Implementation of State Diagram (a) With PLS168 
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c. PLS168 Programming Table 
Figure 4. Implementing State Machine With PLS168 
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Figure 5. Logic Diagram of Complement Array 



Complement Array 

An additional feature is the Complement Ar- 
ray, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement Array 
is normally Low when one or more AND- 
terms are High. If all of the AND-terms are 
Low, then the output of the Complement 



Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the AND- 
terms wiii be High. Therefore, the output /'C 
will be High, which will then enable the AND- 
term S which in turn may be used to reset all 
registers to Low or High as predefined. The 
state machine thus escapes from being in an 
undefined state by using the Complement 
Array and one AND-term. Without the Com- 
plement Array an alternate way of escaping 



from being in an undefined state is by defining 
all possible states which are not being de- 
fined. This method may require quite a few 
AND-terms depending on the design. Another 
application for the Complement Array is illus- 
trated by the following example. As shown in 
Figure 6, when the machine is in state 23, if 
input vector equals 1001, it will go to next 
state 24, If the input is 1 1 01 , then go to state 
25. But if the input is neither 1001 nor 1101, 
then go to state 03. It takes only two terms to 
implement the first two transition vectors. To 
implement the third vector "go to state 03 if 
input is neither 1001 nor 1101", the Comple- 
ment Array accepts the outputs of the first 
two AND-terms as inputs. If the input vector is 
neither 1001 nor 1101, then both terms will 
be Low, which causes the output of the 
Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and /C 
together to set the registers to state 03. The 
State Diagram is translated into AMAZE syn- 
tex as shown in Figure 6b, where all vectors 
are in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the AMAZE 
state equation syntex and the H/L format. 
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b. AMAZE State Equation Syntex 
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Figure 6. Application of Complement Array 
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a. State Diagram 



WHILE [00] 
IF [0000] THEN [01] WITH 
IF [0001] THEN [02] WITH 
ELSE: [3FJ WITH [OUT9] 

WHILE [01] 
IF [0010] THEN [03] WITH 
IF [0011] THEN [04] WITH 
ELSE: [2F] WITH [0UT6] 

WHILE [02] 
IF [0100] THEN [05] WITH 
IF [0101] THEN [06] WITH 
ELSE: [2F] WITH [OUT7] 
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b. AMAZE State Equation 
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c. PLS168 Programming Table 
Figure 7. Applications of Complement Array 
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Figure 10. Change of tcKO °ue to Metastable Condition of Flip-Flop 
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Optional Preset/Output Enable 

The PR/OE pin provides the user with the 
option of either using that pin to control the 
Tri-state output buffers of the Output Regis- 
ters, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are some- 
times used where the state machine is con- 
nected to a bus which is shared by other 
output circuits. It is also used during power-up 
sequence to keep the PLS168 from sending 
power glitches to other circuits which it drives. 
By programming the PR/OE pin to control the 
Tri-state output buffers, the preset function is 
permanently disabled. By programming the 



tr\c „;« + rt 



set of the registers, the output buffers are 
permanently enabled. While using the preset 
function to asynchronously preset the regis- 
ter, if a rising edge of the clock occurs while 
the preset input is High, the registers will 
remain preset. Normal flip-flop operation will 
resume only after the preset input is Low and 
the rising edge of the next clock. Setting the 
registers to a predefined pattern other than all 
Highs may be accomplished by using a dedi- 
cated p-term, which is activated by an input 
pin which will also inhibit all other p-terms 
which are being used. The inhibiting of other 
p-terms eliminates the problem of undeter- 
mined state of an RS fiip-fiop caused by 
having Highs on both R and S inputs. 



Diagnostic Features 

In debugging a state machine, sometimes it is 
necessary to know what is the content of the 
state register. The buried State Register may 
be read by applying +10V on In, which will 
cause the contents of register bits P4 to P5, 
P6 to P9 to be displayed on output pins F 2 to 
F 3 and Po and P3 respectively. While the 
device can handle the +10V on pin l , 
prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at + 1 0V. To facilitate more expedi- 
ent functional tests, synchronous preset vec- 
tors as described above may be used to set 
the State Register to different states without 
having to go through the entire sequence. 

Timing Requirements 

Since the PLS168 is intended to be a syn- 
chronous finite state machine, the inputs are 
expected to be synchronous to the clock and 
set-up and hold time requirements are ex- 
pected to be met. In general, the set-up time 
requirement is measured at its worst case as 
having the entire AND-array connected to the 
OR-term being measured and there is only 
one active AND-term to drive the entire line. 
The set-up time decreases from there as less 
p-terms are used. This is due to the capaci- 
tance of the unused AND-terms being re- 
moved from the line. Figure 8a shows the 
typical set-up time requirement of a PLS168A 
device. Figure 8b shows the normalized set- 
up time as a percentage of the worst case, 



which is with 48 terms connected. In a typical 
state machine design, some flip-flops will 
change states more frequently than others. 
Those that change more frequently will have 
more p-term loading on its OR gates than 
those that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock's rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is in 
an undefined state. This problem often oc- 
curs with asynchronous inputs which is gener- 
ated totally independent of the clock on the 
system. A common remedy for the problem of 
asynchronous inputs is to use latches or flip- 
flops to catch the input and then synchro- 
nously feed it to the state machine. This 
minimizes the problem with the different prop- 
agation delays due to different p-term load- 
ing. But there is still a finite probability that the 
external latches or flip-flops will get into 
metastable condition, which may be propa- 
gated into the state machine. Nevertheless, 
the window for the flip-flops in state machine 
to get into undefined states or metastable 
condition is narrowed by a great extent. 
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APPENDIX A 

INTRODUCTION TO STATE 
MACHINE 

A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in hard- 



ware, can run much faster than a computer 
running the sequence in software. Therefore, 
it is often used in controller applications 
where speed is important. 

Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental differ- 
ence of the two types are: the output of a 
Moore machine is a dependent of only the 



state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the 
logic sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 
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Appendix A-1. Moore Machine Model 



STa IS PRESENT STATE 
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Appendix A-2. Mealy Machine Model 
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APPENDIX B 

LOGIC PROGRAMMING 

The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY -(I), (P) 



PRESET/OE OPTION - (P/E) 



-CtJdD—.,, 



OPTION 


CODE 


PRESET 


H 



-CC=L>- 6 



OPTION 


CODE 


OE 


L 



PROGRAMMING: 

The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic high (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all highs (H) as the present state. 
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STATE CODE 
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NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T n . 

2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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DESCRIPTION 

The PLS1 73 is a 24-pin PLA device which has 
10 bidirectional outputs and 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A logic diagram of 
the device is shown in Appendix A. A 1 0-bit 
comparator similar to the 74LS460 compares 
two 10-bit data inputs to establish if EQUIVA- 
LENCE or NOT EQUIVALENCE exists. The 
output has True and Complement compari- 
son status outputs. The logic diagram of the 
comparator is shown in Figure 1. 

The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to A9 to A0 
and B9 to BO. If the input to A9-A0 is bit-to-bit 
equivalent to the input to B9-B0, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with AMAZE as shown 
in Figures 2a, 2b and 2c. The result of logic 
simulation of the circuit is shown in Figure 2d. 



Notice that on the OR side of the program 
table in Figure 5, all the fuses in the OR-term 
are intact, which means that all the AND- 
terms are still connected to all the OR-terms. 
This feature provides for future modification. 
But if all the unused AND-terms are deleted, 
the device will run faster. There are also 
many unused AND-terms which will provide 
for future modification. But if they are deleted 
(both on the AND and OR side), it will amount 
to about 450juA per term power saving. Figure 
3 is the program table with all unused terms 
deleted. 

Table 1. Function Table 



A9-A0 


B9-B0 


EQ 


NE 


a 


a 


H 


L 


b 


b 


H 


L 


a 


b 


L 


H 


b 


a 


L 


H 






■,[7.1 



B4Q2 



r^K 



23] B 9 

IK 

I L IK 

.L^-^t-^o-HnE 

*3 LiHy2>Jra-^->-iii EQ 

^rjJ 

J 



fjl I 



rilK 

1 — <3t-iIK 

«]B S 



Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 
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** 
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3- 






-22 


** 


I 


**A9 
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S 




-19 


** 
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** 


8- 


7 
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I 


** 


9- 


3 




-16 


** 


I 


**A7 


B4 


** 


I 


** 


10- 
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TB01770S 
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********************* AN24_173 ******************** 
©DEVICE TYPE 
82S173 
SDRAWING 
====== = = = = = = = = = = = = 10-BIT COMPARATOR USING PLS173 

SREVISION 

REV-0 

SDATE 

OCT-14-85 

©SYMBOL 

AN24_173 

eCOMPANY 

SIGNETICS 

@NAME 

DAVID WONG 

©DESCRIPTION 

This circuit compares two 10-bit inputs. I-f they are bit-to-bit equivalent, 
outputs EQ goes HIGH and NE goes LOW. I-f the inputs are not bit-to-bit equiv- 
alent to each other, outputs EQ goes LOW and NE goes HIGH. 
©COMMON PRODUCT TERM 



TO = 


AO 


* 


/BO 


Tl = 


/AO 


» 


BO 


T2 = 


Al 


* 


/Bl 


T3 = 


/Al 


* 


Bl 


T4 = 


A2 


* 


/B2 


T5 = 


/A2 


* 


B2 


T6 = 


A3 


* 


/B3 


T7 = 


/A3 


* 


B3 


T8 = 


A4 


* 


/B4 


T9 = 


/A4 


* 


B4 


T10 = 


AS 


• 


/B5 


Til = 


/A5 


* 


B5 


T12 = 


/A6 


* 


B& 


T13 = 


A6 


* 


/B6 


T14 = 


A7 


* 


/B7 


T15 = 


/A7 


* 


B7 


T16 - 


AS 


* 


/B8 


T17 = 


/A8 


* 


B8 


TIB = 


A"? 


* 


/B9 


T19 = 


/A9 


* 


B9 


©I/O DIRECTION 


©OUTPUT POLARITY 


©LOGIC EQUATION 



/< TO + Tl + T2 + T3 

T10 -*■ Tii -*- T12 i- 



T4 + T5 + T6 + T7 ^ 
13 + T14 + T15 -r Tie 



T8 + T9 

+ T17 + 



TO + Tl + T2 + T3 + T4 + T5 + T6 
T10 + Til + T12 + T13 + T14 + TIE 



T7 + T8 + T9 + 
^ T16 + T17 + T18 + 



b. Boolean Equations of 10-Bit Comparator 
Figure 2 (Continued) 
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***■***#***********■** 


AN24 . 173 *******##***#*****## 






! POLARITY ! 


Date - 


OCT- 14-85 


Rev/ 1. D. - 


REV-0 


82S173 




E | 

ft ! I 

! 1....0 9.8.7 t_5 4_3 




Th:H':H:"h7h:'lTh:"h7h,7hT 


! B(i> 


! bio) ' ! 


2 1 0!9 S 7 6 5 4 3 2 i 


!(? ..8_> fe.S 4..3_2_1 .0! 


01- - - -,- -- - -,- 


- L H! , -, - 


~!rt A, A A A A, A A A A! 


1 ! - - - - - - , - 


- H !_!- -,- - - -,- - -- 


- ! A A , A A A A , A A A A ! 


2|- - - -,- - - _ j |_ 


H ._ ._ i ... ._ ^ ... - _ _ ^ _ _. _ 


- : A A, A A A A, A A A A! 


3 ! - - - - , - -,H 


L - - ! - - , - - - - , - -- - 


-!A A, A A H A, A AAA! 


4!- - .- - L H,- 


- - - • - - , - - - - , - 


-!A A, A A A A, A A A A! 


5!- - - -,- - H L,- 


- ■ - -!- -,- - - -,- - - 


-!A A, A A A A. A AAA! 


6 ! - - - - , L H , - 


- - -!- -,- - - -,- - - 


~!A A, A A A A, A A A A! 


7 1- _ _ _ t h |_ _ _^_ 


- - - ! - , - - - - , - - - 


-'A A, A A A A, A A A A! 


3 ! - - L H , - - - - . - 


- - •- ! - - , - - , - - - 


-!A A, A A A A, A A A A! 


• 9!- - H i..,- - -- •■-,--■ 


- - - ! - - , - - - - , - - - 


- ! A A , A A A A , A A A A ! 


10 iL H - -, - -,~ 


_ .- _:_ .-,_ _ .- .-,_. .- _ 


-!A A, A A A A, A H A A! 
-!A A, A A A A, A A A A! 






12 i- -,- •- - -,~ 


- - - ! - - , - - - - . - - H 


L'.A A, A A A A, A A A A! 


13!- - - - , - - - 


.. _ _ i _ _ ? ... _ _ _ ^ _ _ |_ 


H!A A, A A A A, A A A A! 


14!- - - -,- - - -,- 


---!--, - - - - , L H - 


-!A A, A A A A, A A A A! 


! g i _. _ _ .. , _ ... -. _ ( _ 


... _ _i_ _. „_ _ _ _ )H l - 


-!A A, A A A A, A A A A! 


1<b .;- ... _ _.^_ ._ _ _ i ._ 


_. _ _ i _ _ f ;_ H _ _ ^ _ _ _ 


~!A A, A A A A, A AAA! 


1 7 ! - - - - , - - ■ , - 


... ... _;_ _ >H |_ ... ..-„_ ... ... 


-!A A, A A A A, A A A A! 


18 * - - - ■-,- - - •-„- 


- - -'. L H,~ - - -,- - - 


- ! A A , A A A A , A A A A ! ' 


19!- - - -,- - - -,- 


- - - ! H L , - - - - , - - - 


-!A A, A A A A, A A A A! 


20 ! , G , 


I , , 


0!A A, A A A A, A A A A! 


2 1 ! , Cl , 


! , , 


! A A , A A A A , A A A A ! 


22:0 , , 


! , ,0 


! A A , A A A A , A A A A ! 


23 ! 0,0 0,0 


' , , 


O'A A, A A A A, ft A A A! 


24 ! , , 


! , , 


0!A A, A A A A, A A A A! 


25 10 , , 


! , , 


! A A , A A A A , A A A A ! 


26 ! , , 


! , , 


0!A A, A A A A, A AAA! 


27 ! , 0,0 


! , , 


! A A , A A A A , A A A A ! 


28 ! ,0 , 


! , , 


0!A A, A A A A, A A A A! 


29 ! , , 


! , , 


! A A , A A f\ A , A A A A ! 


30 ! , , 


! , , 


G!A A. A A A A, A A A A! 


3 1 ! , , 


! , , 


' A A , A A A A , A A A A ! 


09 ! , , 


! , , 


! 




O ! , , <_'• 


O' 


D7!0 0,0 0,0 


G ! , , 




D6 ! , <-i , 
D5 i - .. _ _ , ._ .. _ ._ j ... 


! , , 


0! 


D4!- - - -,- - - -,- 
D3 ( G , O , O 


0!0 O.O O G,G O O 


G 1 


D2 ! , , 


! 0,0 G ,0 


! 


D i ! , , 


! , , G 


! 


DO ! , , 


! , , 


0! 


BABABABAB 


A B A 3 A 8 A N t B A B 


ABABANEBABA 


5 5 4 4 3 3 2 2 1 


i 9 9 8 8 EI G 7 7 fa 


699B6EG7 76 6 

TH01790S 


c. Program Table of 10-Bit Comparator After Assembly of Boolean Equation File 




Figure 2 (Continued) 
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82S173 A:AN24_173.STD 


" AMAZE FILE ID: AN24 173 


" LOGIC SIMULATION OF 10-BIT COMPARATOR 


" < = INPUT5==> 

"11 

" 109876543210 


<=BJI/0)=> TRACE TERMS 


9876543210 


oooooooooooo 


OOOOLHOOOO ; 


oioooooooooo 


OOOOHLQOOO 




100000000000 


OOOOHLOOOO 




1 lOOOOOOOOOO 


OOOOLHOOOO 




OO010O0000OO 


OOOOHLOOOO 




OOIOOOOOOOOO 


OOOOHLOOOO 




0011OOO0O000 


OOOOLHOOOO 




OOOOOIOOOOOO 


OOOOHLOOOO 




0OOO1OO00O00 


OOOOHLOOOO 




OOOOllOOOOOO 


OOOOLHOOOO 




0O00000100OO 


OOOOHLOOOO 




OOOOOOIOOOOO 


OOOOHLOOOO 




OOOOOO 1 * rmrif\ 


OOOOLHOOOO 




0O0O00000100 


OOOOHLOOOO 




OOOOOOOOIOOO 


OOOOHLOOOO 




OOOOOOOOl lOO 


OOOOLHOOOO 




0O0OO0000001 


OOOOHLOOOO 




OOOOOOOOOOIO 


OOOOHLOOOO 




OOOOOOOOOOil 


OOOOLHOOOO 




OOOOOOOOOOOO 


0100HLOOOO 




OOOOOOOOOOOO 


1000HLOOOO 




OOOOOOOOOOOO 


1 lOOLHOOOO 




OOOOOOOOOOOO 


OOOIHLOOOO 




OOOOOOOOOOOO 


OO1OHL000O 




OOOOOOOOOOOO 


OOllLHOOOO 




OOOOOOOOOOOO 


OOOOHLOIOO ; 




OOOOOOOOOOOO 


OOOOHL1000 




OOOOOOOOOOOO 


OOOOLHllOO ; 




OOOOOOOOOOOO 


OOOOHLOOOl , 




OOOOOOOOOOOO 


OOO0HL001O J 




OOOOOOOOOOOO 


OOOOLHOOll i 








" 


IIIIOOIIII DESIGNATED I/O USAGE 


" 


IIIIOOIIII ACTUAL I/O USAGE 


" PINLIST... 




" 13 11 10 09 08 07 06 05 04 03 02 Ol 


" 23 22 21 20 19 18 17 16 15 14 J 




T801800S 


d. Test Vectors Generated by AMAZE After Logic Simulation 




Figure 2 (Continued) 
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******************** AN24_173 #**»»*■*•#»**»»*♦■**♦« 

Cust/Proj»ct - 7 DAVID WONG 

Date - OCT-14-85 

Rev/I. D. - REV-0 



B2S173 ! 






POLARITY 






! 


T i !H:HiHiH:H:L:H:H:H:H! 


R ! I ! B(i) ! B(o> ! 


!109B76543210!9B7654321 0!9 B76543210! 


0. , , L H. , , 








A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 
A A, 










2' ' *L H i * ' > 




" ' *u 1 1 ' ' 1 








' *i u ' i ' ' r 




7' 'hi' i i * * 








10'L ' ' i ' ' i 




; ' ' ; ' ' ; 




■ ' ' ; ' * u i i 




■ , i ■ , , H L. 




j * ' i * , L H. 




■ i » ■ , ,L H . 




15. , , , ,H L . 




6. , , . ,L H , 




' ' ' ' ' ' 




IB. , , . L H, , 




90i ' ' i ' i 




■j, i ' ' i ' ' 










■?■?< ' ' i ' ' i 




7^i ' ' i ' ' 




' ' ' , ' ' ' 




\ * ' ' ' ■ 




7A' ' ' I ' * i 




j ' ' ' ' 




9fii ' ' i ' ' I 




rr; ' ' , ' ' j 




\ ' ' j ' ' ■ 




' ' ' ; ' ' 




D9!0 0,0 0,0 0!0 0,0 0,0 0! 

db:o o o o,o o o 0,0 c.o 0,0 0,0 oi 

D7!0 0,0 0,0 0!0 0,0 0,0 0! 
D6!0 0,0 0,0 0!0 0,0 0,0 0! 




' ' ' ■ ' » 




D3!0 0,0 0,0 010 0,0 0,0 0! 
D2'.0 0,0 0,0 0!0 0,0 0,0 0! 
Di!0 0,0 0,0 0!0 0,0 0,0 0! 
DO'.O 0,0 0,0 0!0 0,0 0,0 0! 



BABABABABABABABANEBABABABANEBABA 
554433221 10099BBEQ776699BBEQ7766 

TB01B10S 

Figure 3. Program Table of 10-Bit Comparator With All Unused Terms Deleted 
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APPENDIX A 

FPLA LOGIC DIAGRAM FOR PLS173 



(LCGiCTERKS- 
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. 
















'sEhC 









! ; ' ! 
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hfi}< • 
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, ' 1 1 ! ■ 



•-0-C! 



1 — r 



00999000 popppppp pppppppp 9?W?9P 

' ' ' ' ' ' ' ' : — r— — — ' : ' ' ■ ' : ' — n-t-i 



Td,Td, ] d 7 To 6 d s T o,Td 3 To 2 Td, 



— 



— - — r- 



' ■ ' !- 



-@B 9 

1 ■ ■ ' fa] B » 
■ — -[»]b, 

— H Bs 

4-rGD'' 

— t-Qb, 
-10 a, 



NOTES: 

1. All programmed "AND" gate locations are pulled to logic "1" 

2. All programmed "OR" gate locations are pulled to logic "0". 

3. Programmable connection. 
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DESCRIPTION 

The following is the implementation of a 
counter/controller using a PLS157. This sys- 
tem counts and controls the number of 
entries to a certain media. For example, it can 
be used as a parking-lot controller to keep 
track of the number of cars entering a parking 
lot, and restricting any entries when the 
parking lot is full. 

The design utilizes the six registers, six bi- 
directional I/O lines and the general architec- 
ture of the PLS157. In this design, the user 
can set the maximum number of entries using 



external switches. Since the six registers in 
the device are used as a six-bit counter, the 
maximum number that can be set is 2 6 . 
However, the design can be cascaded to 
increase the number of entries. 



SYSTEM OPERATION 

The basic system configuration is shown in 
Figure 1. As can be seen from this figure, the 
system can be expanded indefinitely. All the 
devices in cascade are identical to each 
other. Whenever there is a need for expand- 
ing the maximum number of counts, a device 



Vcc 



/ENAB_DN - 



IT 



Tr 
1 1 



TTT 



I 



CLK- 
/ENAB_CTRL- 



ill 



I 
LJIMi M] 



i i 



Figure 1. System Configuration 



LOGIC HIGH y^- 






<-• 



Figure 2. /ENAB_CTRL Output Configuration 



can be programmed identical to the device(s) 
already in the system and added in cascade. 

There are external switches connected to the 
bi-directional inputs of the flip-flops. The user 
sets the maximum count in binary with the 
switches and loads the value into the regis- 
ters. If the maximum count necessary ex- 
ceeds the number available in one device, 
then another device is cascaded to the exist- 
ing device. For example, in a system with two 
devices, the maximum available increases to 
2 12 or 4096. 

When the maximum count is set, the control 
circuitry is used to keep track of the number 
of entries and exits. In the case of a parking 
lot, a pressure sensor can be used at the 
entrance and exit to generate a pulse which 
triggers the control circuitry. An alternative 
could be light beam sensors to generate the 
necessary pulses. 

The operation of the system is such that each 
entry decreases the maximum count stored in 
the registers by one. When the count is zero, 
it means that the media is full and the control 
circuitry generates a signal to disable any 
further entries to the system. On the other 
hand, each exit increases the count by one. 
Since it is assumed that the media is empty 
when the maximum count is set, it is, there- 
fore, impossible to physically count past the 
maximum set number. This is due to the fact 
that there cannot be more exits from the 
system than the actual number of objects 
residing in the system. If there are objects in 
the system when the maximum number is set, 
these objects should also be taken into 
consideration when setting the maximum 
count. 



CONTROL SIGNALS 

The following is the explanation of the control 
signals shown in Figure 1. 

The /ENTRY and /EXIT inputs signify an 
entrance or exit to or from the respective 
media and are triggered from the sensors at 
the entrance and exit. Each entry causes a 
count-down from the maximum set number 
until ail the flip-flops are low. This means that 
the system is full and the count-down should 
be disabled. 



November 1986 



9-158 



Signetics Application Specific Products 



Application Note 



A Simple Entry/Exit Metering Device 



AN25 



clk[^ 

/FULL_N-l[^ 
/LOAD | 

;enab_dw| 

/ENTRY I 

/Exn-r™ 

/allhksh_n-1 1 

/enab_cthl i 

exorI 

gndI 



\w/ 



ZJvcc 

^/FULL_N 
I> 

Ufo 

i /all hksh_n 
^]n/c 



Figure 3. Single Device Configuration 



When all the flip-flops are low, the /FULL_N 
signal which is an Active-Low output is acti- 
vated. The count-down is enabled by the 
/ENAB_DN input, which is connected exter- 
nally to the /ENAB_CTRL line. The 
/ENAB_CTRL is a Tri-state output which is 
controlled by the /FULL_N signal. When all 
the flip-flops are low, the /FULL_N signal 
deactivates the /ENAB_CTRL output as 
shown in Figure 2. 

All of the /ENAB_CTRL outputs are connect- 
ed to the /ENAB_CTRL bus as shown in 
Figure 1. When the media is full, all the 
/ENAB_CTRL signals are deactivated which 
cause the count-down to be disabled. 

An exit causes a count up. As mentioned 
before, the total number of exits from the 
system cannoi exceed the total number of 
entries. 

The /ALLHIGH_N signal is an Active-Low 
output which becomes low when all the flip- 
flops are high. Figure 3 shows the configura- 
tion of a single device. 

The /FULL_N and /ALLHIGH_N signals are 
used to activate the /FULL_N-1 and /AL- 
LHiGH N-1 of a cascaded device. These 



CLK^ CK 

[ /FULL_N-1 

/LOAD | I 




TJ- 



HJvcc 

/O ^/FULL_N- 
O ^F5 
O ^F* 

o ^ra 
o ^ra 
oI> 

O ^P 

/o "~1mllmoh_n 

/OE ^N/C 



clkQ 

— /ruLL_i»-1| 

/loadQ 

— ;enab_pn| 

/ENTRY Q 

/exttQ 

/ALLmGH_N-l| 

■ /emab_cthlQ 
exorQ 
gndI 



TZ7" 



Dvcc 
~l/FULL_W 

:> 

Ire 
Dp, 

H f1 Ito 

~] ro (SWITCH 

~1mllhiqh_n 

Z2»k 



Figure 4. Cascaded Configuration 



Table 1. An Up/Down Count Sequence Example 



OEV.B 
FOB FIB 



o 1 

1 



I£ 



3L 



OEV.B 
FOB FIB 


DEV. A 
FOA F1A 


o o o o 
0)0 o o 




1 

1 

(1 1 ) 


o VJ/ 

1 

fa fa 




1 

1 

;i 1 ) 


1 



1 



COUNT DOWN 



signals will be explained in detail shortly. The 
/FULL_N signal is also used to trigger any 
control circuitry used to restrict any further 
entries to the system. In the case of a parking 
lot, the /FULL_N can be used to activate a 
light or close the entrance gate. 

The EXOR output is used to clock the system 
and is externally connected to the CLK input 
of the device. The EXOR generates a clock 
pulse when either an exit or entry take place. 
This restricts the system from counting if a 
simultaneous entry and exit takes place. 

To set the maximum count, the user can use 
switches connected to inputs F0-F5 of the 
device(s). Then by bringing the /LOAD input 
low and triggering the /ENTRY or /EXIT 
inputs to generate a clock pulse, the data 

registers. 



CASCADE DEVICE EXAMPLE 

This is an example of two cascaded devices. 
Figure 4 shows the cascade configuration of 
devices 'A' and 'B'. For the sake of simplicity, 
it is assumed that each device contains only 
two registers. This assumption gives clarity to 
the explanation, and can be extended to 
cover the six registers contained in each 
device. 

As an example, it is assumed that the maxi- 
mum count to be implemented in this exam- 
ple is 1001 in binary. In other words, the 
maximum number of entries is set to be 'ten'. 
FOA and F1A are the registers in device A, 
and FOB and F1 B are the registers in device 
B. 10 is the input sequence to device B and 
01 is input sequence to device A. 

The count-up and count-down sequences are 
shown in Table 1. 



Table 2. Count Sequence 




NO 


F5 F4 F3 F2 F1 FO 



1 


fS\ 

/tf\ rh 




2 


o o o o W Km 




3 
4 


o o o /5\ n\ m 
o o o W W Ipy 




7 
8 


I ; © © © © 


15 
16 


: (!) © © © © 


31 
32 


© © © © © © 


62 
63 




v V w W V w 


TB02090S 
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In the 1001 example, FOB is the MSB (Most 
Significant Bit) and F1A is the LSB (Least 
Significant Bit). As can be seen in Table 1 , a 
count-down occurs in device 'B', when FOA 
and F1A are both low. When FOA and F1A 
are low, this means that the /FULL_N signal 
is active. The /FULL_N-1 input of device 'B' 
is connected to the FULL_N output of device 
'A'. Therefore, a count down occurs in device 
'B' only when the input to /FULL_N-1 goes 
low. In this manner, the count-down se- 
quence in Table 1 can be implemented. 

Similarly, for the count-up sequence, a count- 
up occurs in device 'B' only when both FOA 
and F1A are high. At this point, the /ALL- 
HIGH_N signal becomes active. Therefore, a 
count-up occurs in device 'B' only when 
/ALLHIGH_N of device 'A' is active. 



UP/DOWN COUNTERS 

An up-down counter is implemented in each 
device to keep track of the number of entries 
and exits. To implement these counters the 
flip-flops are set in the toggle mode. Table 2 
shows the count sequence. 

The following conditions are true for the 
count-up sequence: 

Table 3a 



REGISTER 


TRUE CONDITION FOR 
TOGGLE 


FO 


Unconditionally Toggle 


F1 


FO 


F2 


F0*F1 


F3 


F0*F1*F2 


F4 


F0*F1*F2*F3 


F5 


F0*F1*F2*F3*F4 


Similarly, for the count-down sequence: 
Table 3b 


REGISTER 


TRUE CONDITION FOR 
TOGGLE 


FO 


Unconditionally Toggle 


F1 


/FO 


F2 


/F0VF1 


F3 


/F0VF1VF2* 


F4 


/F0VF1VF2VF3 


F5 


/F0*/F1*/F2*/F3*/F4* 



/ENTRY 1 




/EX,T ~Ur^_ /loao-lL-^ 

/LOAD gj J CNT-UP Igj 

/ALLHIGH_N-1 1^"" ^ /ENAB_DN Vr^—S 


CNT-DN 


/FULL_N-I 1 


LS09140S 


Figure 5. CNT-UP and CNT-DN Signals 





CNT-UP 
CNT-DN 



lj~y QQ— EX ° R (TO SYSTEM CLOCK) 



Figure 6. System Clock 



File Name 


METER 
















Data ; 10/31/1985 
















Time : 14:35:31 


















##################### 


P I N 


L I 


S T 


##################### 


LABEL 


** 


FNC 


**PIN 




- PIN** 


FNC 


** LABEL 


CLK 


** 


CK 


** 


!.- 






-20 


** 


+5V 


**VCC 


/FULL N-l 


** 


I 


** 


2- 






-19 


** 


/O 


**/FULL N 


/LOAD 


** 


I 


** 


3- 






-18 


** 





**F5 


/ENAB DN 


** 


I 


** 


4- 




P 


-17 


** 





**F4 


/ENTRY 


** 


I 


** 


5- 




L 


-16 


** 





**F3 


/EXIT 


** 


I 


** 


6- 




X 


-15 


** 





**F2 


/ALLHI6H N- 


-1»* 


I 


** 


7- 




1 


-14 


** 





**F1 


/ENAB CTRL 


** 


/B 


** 


8- 




5 


- 1 3 


*+ 





**FO 


EXOR 


*» 





** 


9- 




7 


-12 


** 


/u 


**/HLLHISH N 


GND 


** 


OV 


** 


10- 






-1 1 


** 


/OE 


**N/C 




















TB01920S 










Figure 7 











CONTROL SIGNALS 

The following are the control signals used to 
control the operation of the devices: 

The logic diagram for generating the 'CNT- 
UP' and 'CNT-DN' signals is shown in 
Figure 5. 

As can be seen from this figure, a count-up 
occurs when the following is true: 

a) An exit takes place and, 

b) the system is not loading in any data and, 

c) the previous stage has generated the 
/ALLH|GH_N-1 signal. 

A count-down occurs when: 

a) An entry takes place and, 

b) the system is not loading in any data and, 
c)the previous stage has generated the 

/FULL_N-1 signal and, 
d)the media is not full, thus /ENAB_DN 
signal is low. 

The system clock is generated using the 
CNT-UP and CNT-DN signals. The system is 



to be clocked only when an exit or entry takes 
place. In order to prevent the system from 
being clocked when a simultaneous entry and 
exit takes place, these two signals are exclu- 
sive-OR'ed (Figure 6). 

The equations shown in (Tables 3a and 3b) 
are generated using Signetics AMAZE soft- 
ware (Figures 7 and 8). The resulting program 
table is shown in Table 4. 
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SDEVICE TYPE 

PLX157 

@DR AWING 

^REVISION 

SDATE 

10-31-85 

SSYMBOL 
ENTR/EXIT METER 

SCOMPANY 
SIBNETICS 

SNAME 

ALI GHEISSARI 

^DESCRIPTION 

* The -following is the implementation of a Entry/Exit Meter. A * 

* application o-f this device would be in controlling the number of * 

* entries to a certain media. An example is a parking lot controller * 

* for restricting the number of cars entering the lot. * 

* The maximum number is programmable and the design can be cacaded to * 

* Accomodate an increase in the number of entries. * 

* The system counts down from the maximum set number to zero * 

* The number of exits cannot exceed the maximum count set by the * 

* external switches, therefore the upper limit on the count will never * 

* be exceeded. * 



©COMMON PRODUCT 
UPCNT = /LOAD * 


TERM 
EXIT 


* 


ALLHIGH. 


N-l; "UPCNT is the signal generated for 

"activating the count-up from the ENTRY " 
"input and the ALLHIGH signal from any " 
"connected devices " 


DNCNT = /LOAD * 


ENTRY * 


FULL. 


_N- 


-1; "DNCNT is similar to UPCNT except it is " 
"generated for the count down " 


ALL- 
ALL- 


HIGH = /F0 * /Fl 
LOW = FO * Fl * 


* 

F2 


/F2 * 

* F3 


/F3 * /F4 * /F5; 
* F4 * F5; 


QCOMPLEMENT ARRAY 
/C = /<0>; 








~ 


@I/0 
DO = 
Dl = 
D2 = 


DIRECTION 

0; 

0; 

/FULL_.N; 










"/EXIT is an input « 
"ALLHIGH_N-1 is an input 
"When maximum count is reached /FULL N 
"disables /ENAB-CTRL which in turn disables 
"the device(s) from counting down " 
"/ENAB-CTRL is connected to the ENAB_DN of the " 
" device(s) » 


D3 = 
D4 = 
D5 = 


1; 
1; 

1; 










"EXOR is an output » 
"/ALLHI6H_.N i s an output " 
"/FULL._N is an output 

TB01930S 

Figure 8 
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SOUTPUT POLARITY 






X2 = 0; 

X3 = 1; 
X4 = 0; 
X5 = 0; 




"/ENAB..CTRL is active low 

"EXOR is active high 

"/ALLHISH..N is active low 

"/FULL_N is active low " 


@FLIP FLOP CONTROL 
FC = 1; 




"All flip flops are J-K 


©OUTPUT ENABLE 
"NOT USED" 






^REGISTER LOAD 






LA = LOAD; 
LB = LOAD; 




"Load the registers with the number set " 
"by the input switches " 


©ASYNCHRONOUS PRESET/RESET 
"NOT USED" 




@FLIP FLOP MODE 
"NOT USED" 






SLOB I C EQUATION 

EXOR = UPCNT*/DNCNT + DNCNT*/UPCNT; "Output count pulse only if there is not " 

"a simultaneous entry and exit " 
/FULL..N = /( ALL-LOW * /LOAD); "indicates when maximum count is reached 
/ALLHIGH _N = /( ALL-HIGH * /LOAD); "shows when empty 
/ENAB CTRL = /(l); "puts low on the ENAB CTRL bus 


"The following is the implementation of the counter together with the 
"necessary logic." 


/FO: T = (ENAB_DN * 


DNCNT > 


+ UPCNT; 


/Fl: T = (ENAB_DN * 


FO * DNCNT) + (/FO * UPCNT ) ; 


/F2: T = (ENAB..DN * 


FO * Fl 


* DNCNT) + (/FO * /Fl * UPCNT); 


/F3: T = (ENAB..DN * 
(/FO * /Fl 


FO * Fl 
* /F2 * 


* F2 * DNCNT) + 
UPCNT ) ; 


/F4: T = (ENAB_DN * 
(/FO * /Fl 


FO * Fl 
* /F2 * 


* F2 * F3 * DNCNT) + 
/F3 * UPCNT) ; 


/F5: T = (ENAB_DN * 
(/FO * /Fl 


FO * Fl 
* /F2 * 


* F2 * F3 * F4 * DNCNT) + 
/F3 * /F4 * UPCNT) ; 

TBO 1940S 

Figure 8 (Continued) 
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Table 4. Program Table for Entry/Exit Meter 




Cust/Project - ALI SHEISSARI 


Date - 10-31-85 


Rev/I. D. 


PLxl57 1 F/F TYPE ! EB ! EA ! ! POLARITY ! 




T ■ .!A:AtA:A:A:A!0 ! ! !l7l:H!"l7l7l! 




ft ! ! I ! B<i> ! Q(p> ! Q( n ) !P!R! B(o> ! 




!_!3_2... 1_0!5_4 3 2 10 

0!-!- - H HI- -",'- - L~L 


5 - 4 - 3 -. 2 - * J> ! 5 _ 4 _3_2_ 1 _0 ! _ ! _ ! 5_4._3_2_.1_0 ! 
- - t _ _ _ _i_ _ 5 _. _ _ -j,;,;. . ~ A . ' A Al 










3!-!L - H L! , H - 


~ - >- ~ ~ -!- -,- - - -!.!.!. .,A . A A! 


4!-! H -! , 


L L,L L L L!- -, ,-!.!. !A .,. . A A! 






















8!-!- - h -'- -,- - l_ L 


















1 1 ! - ! L L H L ! - -,- - - - 


- -i- - L Li- - , - --'.!.' A A: 


12!-!- - H -!- -,- - L L 


--,--HH'--,-0 --!.!.!. .,. . AA! 


13!-!L l_ H L!- -, 


- -,- L I, LI- -,0 !.■!.! A A: 


14!-!- - H -!- -, L L 


- -,- H H HI- --,0 ---!,!.'. ... . A A' 




, L L L L ! - u , - ---!.!.!. .,. . A A! 


16!-! H -!- -, L L 


- -,H H H H'- 0, !.:.:. . ,. . A A: 


- 17!-!L L H l... ! ,- - - - 


- i- T i_ L L L!0 -,- -f. -.'..,.. A A! 


1.8'-' ri -! , L I_:- H,H H H H!0 -,- '.'.'. . . A A' 


j 19! (Hi.) i) !.» (,.,;> 0,0 010 0,0 010 0,0 0!A!A'A A, A A A A 1 


1 2o:0'0 O'O 0,0 010 0,0 Oil.) 0,0 0!A!A!A A, A A A A! 


2i !0!0 0!0 0,0 0!0 0,0 0!0 0,0 o o!A!A!A A, A A A A! 


,::2 'O'O O ! , ! , o ' , ! A ' A ! A A , A i . A A ! 


j i.-.!0:0 O o'O O,0 O OIO 0,0 010 0,0 u ulAIAlA A, A A A A! 


<i4'Ofo O O'O 0,0 0!0 0,0 O'O 0,o 0!A'A'A A, A A A A 1 


: -iS'O'O 0:0 0,0 010 0,0 0!0 0,0 0'A!A'A A, A « A A' 


,;6'o'o o o o:o 0,0 o o 0:0 0,0 o o mo o,o o o o:A'A!a a, a a a a: 


27:0!o O'O vi.O 10 0,0 O'O , O OlAiAIA A, A AAA! 


.■:"■-< 'O' t > O'O 0,0 0!0 0,0 O ' O 0,O O ' A ' A ' A A A H A A' 


:-'9'0'0 O'O 0,0 O'O 0,0 O O'O 0,0 ..> <J'A:A:A A,' A A A ,i' 


30|0|0 0!O 0,0 O'O 0,0 O 0:0 0,0 ■:' O'AIA'A a'a A A A! 








Rb ! . ! ! , ' , o ! 


Lb !-!--L -'--,- ---!--,----. 


La ' - : - - L ~ !--,-----!----—.-- i 




1)4:--!- - - -!-• -,- - ..- _i- _'.. .- „. _', 


1)3'-!- - - -:- -,- - - -:-.. _ ? '_ _ _ _,' 


D? ' - ! - - - - ! H -,----: ~ -,----- : 


D i 1 . ! ! , ' , ! 


DO!. '0 O'O 0,0 O'O O.O 0: 


/ / ••'' '' ' tf. / / / / F F r F A F F F F A h p , \- / ,■ , ,■ 


F E E E L X E A F A 3 4 3 2 s. 5 4 3 '.; 1 u I « _ A A A 


U M N X £i N L U L U N I U 1 


!. A T I A R A L L. L A F A L 1 L 


L B R "J D R H ,... H D 6 H i" H 


- V .11 II 


N f- C h N fi L H N G 


- N r H H f H H 


rt - -■ R 


L N N L N N 

- 1 


i 1 1 

TB019S0S 
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FEATURES 

• 100% functional replacement for all 
20-pin PALs 

• I/O propagation delay: 15ns (max) 

• Security fuse lock 

• 10 inputs 

• 8 bidirectional I/O lines 

• Tri-state outputs have programmable 
polarity 

• Architecture: 8 groups of nine AND 
gates. Total of 72 product terms 

• Software support on Signetics 
AMAZE 

• Complete TTL compatibility 

• Each bidirectional I/O has individually 
controllable output enable 



ARCHITECTURE 

The PLHS1 8P8A is an oxide-isolated, bipolar 
field-programmable logic array. This device is 
configured as a decoding two-level AND-OR 
(sum of products) structure. The PLHS18P8A 
block diagram is shown in Figure 1. All the 
AND gates are linked to ten inputs (J0-I9) 
and eight bidirectional I/O lines (B( ) - B (7) ). 
These links can be made via the on-chip 
true/complement buffers. The 72 AND gates 
are configured in 8 groups which contain 9 
AND gates each. In every group, eight AND 
gates are used for user-defined logic func- 
tions and the ninth AND gate is used as a tri- 
state output enable control. This gives the 
user capability to control the output enable by 
means of a product term. The outputs of the 
eight logical product terms are ORed together 
(see Figure 1). The output polarity of each OR 
gate is individually programmable via an Ex- 
clusive-OR gate. The user has a choice of 
Active-Low or Active-High on each of the 
eight outputs. Figure 2 shows the logic dia- 
gram of the PLHS18P8A. 



HOW A DEVICE IS 
PROGRAMMED 

There are three main programmable sections 
on the PLHS18P8A: 

A. The AND array. 

B. The output polarity. 

C. The security fuse. 

A. The AND array — The AND array fuses 
are back-to-back diode pairs which act as 
open connections in a virgin device. These 
open connections are configured as 'Don't 



Cares' (' - ') in an unprogrammed device. The 
open connections are pulled to a logic high 
('1') (see Figure 3). Consequently, all unpro- 
grammed AND locations are pulled to a logic 
high ('1') state. This means that in an unpro- 
grammed device, all the product terms are 
active. During fusing, current is avalanched 
across individual diode pairs. This essentially 
short circuits the diode and provides a con- 
nection for the associated product term. Fig- 
ure 3 shows how a typical connection is made 
to the AND array (see Appendix B for a 
description of the vertical fuses). 

The inputs to the AND array consist of 10 
dedicated inputs (10 - 19) and 8 bidirectional 
l/Os (B(0) - B(7)). Initially, all these inputs are 
configured as 'Don't Cares' ('-'). These 
inputs can be connected to the AND array 
through an inverting or non-inverting buffer. 
The AND gate can be connected to the 
inverting buffer by programming the inverting 
fuse. Similarly, a connection can be made to 
the non-inverting buffer by programming the 
non-inverting fuse. Disabling an AND term is 
achieved by implementing a logical low ('0') 
on the output of the specified AND gate. At 
least one pair of fuses must be programmed 
for one input to disable the product term. 
When both fuses are programmed, both the 
inverting and non-inverting buffers are con- 
nected to the inputs of the AND gate. This will 
in turn create a logical Low ('0') on the output. 

In each block of nine AND gates, one gate is 
used as an output enable control for the tri- 
state output. The remaining eight gates are 
connected to a fixed OR gate. Since in the 
unprogrammed state the outputs of all the 
AND gates are at logic High ('1'), the output 
of the OR gate also acquires a logic High 
state. Therefore the user is responsible for 
deactivating any unwanted product terms. 
This is done by creating a logic Low (' 0') on 
the outputs of the unwanted product terms as 
previously explained. Moreover, the output 
buffer is always enabled since the product 
term controlling the tri-state output buffer also 
has a logic High state. If any of the bidirec- 
tional pins are to be defined as inputs, the 
product term controlling the specified bidirec- 
tional pin must be disabled. The bidirectional 
pin can also be configured as a dynamic I/O 
by defining the required logic for the output- 
enable-control product term. 

B. The Output Polarity — In an unpro- 
grammed device, all the output polarities are 
configured as inverting buffers. The outputs 
of the PLHS18P8A are configured as tri-state 
buffers. The two inputs of each Ex-OR gate 



are connected as follows: one input is con- 
nected to the output of the fixed OR gate. 
The second input is a connection to ground 
(logic low) through a fusible link. Figure 4 
shows how an Ex-OR gate is used to define 
the output polarity. 

As mentioned earlier, an unprogrammed fuse 
acts as an open connection which is pulled to 
a logic high. Therefore the output of the Ex- 
OR gate acts as an inverting buffer. When the 
fuse is programmed, there is a connection 
between ground (logic Low) and the input of 
the Ex-OR gate. This will cause the Ex-OR 
gate to act as a non-inverting buffer. 

C. The Security Fuse — Programming equip- 
ment used to program the PLHS18P8A are 
capable of determining the logic pattern 
stored in this device (see Appendix A). The 
security fuse can be blown to disable the 
programmer from reading the pattern in a 
programmed device. This feature adds a 
measure of protection for proprietary designs. 

The procedure for programming this fuse 
depends on the programmer manufacturer 
and is explained in the manufacturer's opera- 
tions manual. 



DESIGN TOOLS FOR THE 
PLHS18P8A 

Many CAD tools such as Signetics' AMAZE 
software 1 are available to implement designs 
using the PLHS18P8A. The AMAZE software 
enables the user to enter the design in the 
form of Boolean equations or via the program 
table shown in Table 1 . This program table is 
a one-to-one map of all the programmable 
links of Figure 2. The following explains the 
implementation of designs using the program 
table. Also, an example on using the Boolean 
Logic Entry program of the AMAZE software 
is given. 

Using PTE (Program Table Entry)— -As- 
sume that Z is a typical logic function with the 
following equation: 

Z = P0 + P1 

Where P0 and P1 are product terms with the 
following equations: 

P0 = A * /B * C 
P1 = /A * B * /D 



1. Refer to Signetics Programmable Logic Data Manual for a 
complete description of the AMAZE programmable logic 
development software. 
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Figure 1. Block Diagram of the PLHS18P8A 
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NOTES: 

1. All unprogrammed or virgin "AND" gate locations are pulled to 

2. All unprogrammed or virgin "OR" gate locations are pulled to I 

3. Programmable corrections. 

Figure 2. Logic Diagram of the PLHS18P8A 



logic "1" 
logic "1". 
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a. Unprogrammed Connection 



b. Programmed. The Non-Inverting Buffer 
is Connected to the AND Gate 
Figure 3. How a Fuse Is Proarammed 
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Figure 4. How the Output 
Polarity is Defined 



The program table in Table 1 is used to 
implement this equation. Table 2 shows the 
implementation of the logic function using the 
PTE. The first group of AND terms is used to 
implement this function. B(7) is used for the 
output, 10, 11, and 12 as inputs. 

— Term is the direction control term. It is 
the tri-state output enable control term. 
Since Z is configured as an output, leaving 
Term in its unprogrammed state causes 
the output to be unconditionally enabled. 

— Term 1 is the P-term labeled PO, where 
A*/B*C is designated by HLH in columns 
10, 11, and 12. 



— Term 2 is the P-term labeled P1, where 
/A*B*/D is designated by LHL in columns 
10, 11, and 12. 

— Terms 3, 4, 5, 6, 7. At least one input (or 
all the inputs) must be set to zero to 
disconnect these terms from the OR gate. 

— The output polarity for B(7) is H, and this is 
entered in the 'Polarity' section. 

Using BLAST (Boolean Logic And State 
Transfer) — The BLAST module in AMAZE 
can be used to implement the above equa- 
tion. Figures 5 and 6 show the pin list and 
logic equation format. Table 3 is the program 
table generated from these equations. 



APPENDIX A 
Programmers 

The PLHS18P8A can be programmed by 
means of logic programming equipment. With 
Logic Programming, the AND/Ex-OR gate 
input connections necessary to implement 
the desired logic are coded directly from the 
logic equations using the program table 
shown in Table 1. 

The symbols used in the program table corre- 
spond to the fusing pattern of the corre- 
sponding link pairs, defined in Figure 6. 

To program the device, the address of every 
fuse to be programmed must be entered in 
the programmer. This is a tedious and error- 



prone method of implementing the required 
logic pattern. Using CAD software, such as 
Signetics' AMAZE software, enables users to 
go directly from program table or logic equa- 
tions to a fuse plot. The fuse plot can be 
downloaded to a programmer through a serial 
port. 

APPENDIX B 

The vertical fuse is the latest in programma- 
ble logic technology. It combines reliability, 
low capacitance and testability in an incredi- 
bly small space. 

The vertical fuse takes advantage of the 
properties of silicon and aluminum. The virgin 
fuse is a three-layer device: a shallow layer of 
N-type silicon on top, a layer of P-type silicon 
in the middle, and a layer of N-type silicon on 
the bottom. This forms a pair of PN diodes, 
back-to-back, which will not allow current to 
pass under normal circumstances. 

There is a cap of aluminum on top of this 
structure. During programming, high current 
conditions (50 to 100 times what is seen 
during normal operation) is induced by ava- 
lanche breakdown of the reverse-biased di- 
ode. The aluminum will "spike" through the 
shallow N-type layer. Once the aluminum has 
spiked through, the top diode in the pair is 
shorted out. The whole vertical fuse will then 
look like a pure PN diode. Before program- 
ming, the fuse is an excellent blocking ele- 
ment, having current leakages in the order of 
nanoamps. After programming, the fuse is set 
as a small, well-defined diode. 

QUALITY 

Besides the AC and C parametrics, each and 
every fuse goes through three tests for for- 
ward characteristics, reverse characteristics, 
and programmability. Extensive on-chip test 
circuitry ensures full AC parametric testing 
before and after the part is programmed. This 
insures that the customer receives the high- 
est possible fusing yield which is made possi- 
ble by vertical fuses. Vertical fuses also offer 
the smallest and fastest array structure to- 
gether with the highest reliability possible. 
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Notes 

1. The FPLA is shipped with all links open. 

2. Unused I and B bits in the AND array exist as Dont 
Care (-) in the virgin state. 

3. All p-terms are active until programmed otherwise. 

4. Unused p-terms must be disabled or programmed 
with at feast one pair of fuses. 
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Cu»t/proj«ct -PLHS18P8A Primmr 

D«t« -May 1986 

R»v/I. D. 

Comiwntai 

Program Tabl* tor laplaawntina 
Z - PO + PI 

Mh«r«i 

PO - A. </B).C 
PI " (/A).B. </D> 



PLHS18PB 



VAS*JA&IB 
NAMe 



ILiLiLiULlLiLlL! 



I OSS 



K 



K 



i 9_8_7_6_3_4_3_2_1_0 



39!- 
60!- 
61!- 



63!- 
66!- 



- H L H 
L - H L 



7_6_3_4_3_2_1_0 



7_6_3_4_3_2_1_0 



/ A / 
/ A / 



/ A / / 
/ A / / 
/ / D / 






Table 2. Implementation of the Function "Z" Using PTE 
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•• I 


•» 


8-1 


8 


-13 


•» /B 


••N/C 


N/C 




*# I 


•» 


9-1 


A 


-12 


•• /B 


••N/C 


SND 




•# ov 


•• 


10-1 




-11 


*» I 


•»N/C 

TB03051S 














Figure 5 









File Nim i 18PRIMER 
Date t 5/22/1986 
Tlae I 13i53l59 

•DEVICE TYPE 

PLH81BP8A 

•DRAMIN8 

PLH818P8A PRIMER 

•REVISION 

PLH818P8A REV '-' 

•DATE 

May 1986 

•SYMBOL 

PLH818PSA 

•COMPANY 

SIBNETICS 

All Bhelssari 

•DESCRIPTION 

■ ■■ » ■■ ■ ■■■ ■ ■ « »»■ ■» ■» ■» ««»»•♦««»«•••««•«•<«»»«••••»•«••«»«■ « »» » »«« 

• This 1« an exaeple of implementing squat Ions for • 

• the PLH81BP8A using AMAZE • 



•COMMON PRODUCT TERM 
PO - A • /B • C| 
PI - /A • /B • /D| 

•I/O DIRECTION 

D7 - 1| 

D6 - 1| 

D5 - Oj 

D4 - A| 

D3 - B| 

•OUTPUT POLARITY 
X7 - 0| 
X6 - 1| 
X4 - Of 
X3 - 1| 

•LOGIC EQUATION 

Z - PO + Pl| 

INVERT - /( INPUT )| 

BIDIR - /BDIR • B | 



/BDIR -/<A*C»D»/Z« INVERT • INPUT • BIDIR )| 



PO and PI ara usad to declara commo n 
product teras. 



Da-Tinas B7 to ba an output 
Defines B6 to ba an output 

Defines 83 to ba an Input 

B4 an output whan A is true other Mi sa an input 
B3 an output Mhen B is true otherwise an input 



Docuae n ts the output polarity as active high 
Documents the output polarity as active high 
Docuaents the output polarity as active high 
D oc u aents the output polarity as active high 



"Examples of soae simple equations 



Figure 6. Boolean Equation File 
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Fll* Nuw i 18PRIHER 


Data ■ 3/22/1986 


Tiaa i 13i36i13 


Cust/Projact - All Shaiaaari 


Data - .......... Hay 19B4 


Rav/I. D. - PLHUBPBA REV •-■ 


PLHB18PB ! POLARITY ! 


T ! ! Ht Li Li Hi Li Li Li L 


T 


Rl I I 8<t! ! 8<e> ! 


!9_8_7_6_3_4_3_2_1_0!7_6_3_4_3_2_1_0 


!7_6_3_4_3_2_1_0 






ID ///,/// / 






!A / //,//// 




2! , ,L - L L! , 


A ///,/// / 




3!0 0,0 0.0 0!0 0,0 


!A ///,/// / 




4!0 0,0 0,0 0!0 0,0 


A / / /,/ / / / 




S!0 0,0 0,0 0!0 0,0 


!A ///,/// / 




6!0 0,0 0,0 0!0 0,0 


A ///,/// / 




7!0 0,0 0,0 0!0 0,0 


!A ///,/// / 




■ !0 0,0 0,0 O!0 0,0 


A ///,/// / 






/A //,/// / 




11*0 0,0 0,0 0!0 0,0 


/ A / /,/ / / / 




12!0 0,0 0,0 0!0 0,0 


/A //,/// / 




13!0 0,0 0,0 0!0 0,0 


/A //,/// / 




14!0 0,0 0,0 0!0 0,0 


/A //,/// / 




1S!0 0,0 0,0 0!0 0,0 


/A //,/// / 




16!0 0,0 0,0 0!0 0,0 


/A //,/// / 




17!0 0,0 0,0 0!0 0,0 


/ A / /,/ / / / 




18!0 0,0 0,0 0!0 0,0 


/ / D /,//// 




19+0 0,0 0- 0,O 010 OiO O O 


>/ / A /,/ / / / 




20!0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 




21 !0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 




22!0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 




23!0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 




24!0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 




2S!0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 


• 


26!0 0,0 0,0 OiO 0,0 


/ / A /,/ / / / 


| 




/ / / D,/ / / / 


I 


28!- -, ,- - H -! ,H 


/ / / A,/ / / / 




29!0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




30!0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




31 !0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




32!0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




33!0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




34!0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




3S!0 0,0 0,0 OiO 0,0 


/ / / A,/ / / / 




36!- -, ,- - H -! , 


/ / / /,D / / / 




37! , ,H H - H!L H H H, 


/ / / /,A / / / 




38!0 0,0 0,0 OiO 0,0 


/ / / /,A / / / 




39*0 0,0 0,0 OiO 0,0 


/ / / /,A / / / 




40!0 0,0 0,0 OiO 0,0 


/ / / /,A / / / 




4l!0 0,0 0,0 OiO 0,0 


/ / / /.A / / / 




42!0 0,0 0,0 OiO 0,0 


/ / / /,A / / / 




43!0 0,0 0,0 OiO 0,0 


/■/ / /,A / / / 




44!0 0,0 0,0 OiO 0,0 


/ / / /,A / / / 
////,/ D / / 
////,/ A / / 
////,/ A / / 
////,/ A / / 






////,/ A / / 
/ / / /,/ A / / 
/ / / /,/ A / / 
////,/ A / / 




55;_ _, f . f 


////,// D / 
////,// A / 
////,// A /'• 
////,// A / 
/ / / /,/ / A / 
////,// A / 
////,// A /' 
////,// A / 






////,// A / 
/ / / /,/ / / 
////,/// A' 
////,/// A 
////,/// A! 
////,/// A' 
////,/// A! 
////,/// A' 
////,/// A! 






////,/// A! 




NNNNNNDCBAZI IB/NNNZI IB/NNN 


////// N N I B / / / N N I B / / / 


CCCCCC VPDDCCC VPDOCCC 


E U I I E U I I 


RTRR RTRR 


T T 


Table 3. Programming Table Generated by AMAZE 
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INTRODUCTION 

The PLHS473 is a 24-pin field- programmable 
logic array (FPLA) which has 11 dedicated 
inputs, 2 dedicated outputs and 9 bidirection- 
al l/Os. The logic array consists of 24 pro- 
grammable product terms which are connect- 
ed to 22 programmable OR terms in the 
classical PLA architecture. A functional dia- 
gram is shown in Figure 1 . The shaded areas 
represent programmable interconnects be- 
tween vertical and horizontal lines. Eleven 
dedicated inputs, lo to ho. are located on the 
upper lefthand corner of the diagram, and the 
9 bidirectional l/Os, B to B 8 are located on 
the lower righthand corner. All inputs to the 
AND array have true and inverting input 
buffers. The output portion of the 9 bidirec- 
tional l/Os and 2 outputs may be pro- 
grammed to be Active-High or Active-Low by 
altering fuses X to X 8 , X A and Xb which are 
connected to one leg of the Exclusive-OR 
gates. Each output is connected to two OR- 
terms, one of which provides the logic func- 
tion OR to the output while the other provides 
the ENABLE function for the tri-state output 
buffer. Alternatively, each output may be 
configured to emulate an open-collector out- 
put by programming the output to an uncondi- 
tional LOW and apply the logic function on 
the tri-state controlling OR-term as shown in 
Figure 2. In addition, the PLHS473 has a 
security fuse which may be programmed to 
lock out unauthorized access to the fuse map 
of the design. 

This device is fabricated with an oxide-isola- 
tion process for the best speed/power perfor- 
mance. The programmable element is a "ver- 
tical fuse" which is actually two PN diodes 
connected back-to-back (anode-to-anode 



stacked on top of one another) as shown in 
the insets of Figure 1. The fuses are normally 
open-circuited. To program a fuse, a suffi- 
ciently high voltage is applied across the two 
diodes such that one diode breaks down 
which induces metal migration across the PN 
junction of the avalanched diode. This tech- 
nology allows smaller chip size and faster 
speed performance. The guaranteed propa- 
gation delay may be tested by using the two 
factory-programmed test columns and a test 
row as a test vehicle for speed testing. These 
test columns are to be deleted automatically 
in the process of programming. 

The vertical fuses of an unprogrammed de- 
vice, being normally open-circuited, set all 
AND terms to a High state and disconnected 
to all OR terms. The OR terms are normally 
Low when they are not connected to the AND 
terms. Once an AND term is programmed to 
make connections with the OR array, it can- 
not be disconnected. However, AND terms 
may be disabled by having the true and 
inverting input buffers (e.g., A * /A, B * /B, 
etc.) of all inputs connected to the AND term 
which is to be disabled. 

While even a single input, (A * /A), will hold 
the AND term to a Low, glitches may develop 
if the input voltage changes state. Therefore, 
it is recommended that the complementary 
buffers of all inputs in the disabled AND term 
be connected. 



Programming the PLHS473 

The programming table and symbols of the 
PLHS473 are shown in Table 1 where there is 
a place for every function that is shown in 
Figure 1. The table is divided into two main 



sections. The left side of the table, sections A 
and B, represents the input side of the AND 
array (section A has all dedicated inputs lo to 
ho, section B has inputs from the bidirectional 
l/Os B to B 8 ), whereas the right side, sec- 
tions C, D, and E, represents the outputs of 
the OR array. Section C represents the OR 
array which controls the tri-state output buf- 
fers of the bidirectional l/Os Bo to B 8 and 
outputs Oa and Ob, while section D repre- 
sents the OR array which drives the outputs. 
Section E controls the output polarity of each 
output. As shown in Table 1, the program 
table is very similar to a truth table. Each row 
represents one of the 24 product terms, while 
each column in sections A and B represents 
an input to the 24 product terms and in 
sections C and D, each column represents an 
output. The intersection of a column and a 
row in sections A and B represents four 
possible fuse configurations, namely, 1) both 
inverting and non-inverting input buffers are 
connected to the AND term, 2) only the 
inverting buffer is connected, 3) only the non- 
inverting input buffer is connected, and 4) 
both inverting and non-inverting buffers are 
disconnected. These four configurations are 
represented as "0", "L", "H", and "-", 
respectively. Each intersection of a row and a 
column in sections C and D involves only two 
fuse configurations, either connected or dis- 
connected. Therefore, the entry there is ei- 
ther "A" or " -", respectively. In the polarity 
control section (section E), each square rep- 
resents the configuration of the fuse connect- 
ed to the Exclusive-OR, which is connected 
to a particular output pin. An "H" represents 
an Active-High or non-inverting output, an 
"L" represents an Active-Low or inverting 
output. See Table 1 for further details. 
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[~^\ T"^y SUM-QFPRODUCT 


D^ 


r~ 


^S^ OUTPUT = 
^f~~ /(SUM-OF-PRODUCT) 


TC11320S 

Figure 2. Emulation of Open-Collector Output 



Notice that as shown in Figure 1 , ail fuses in 
their unprogrammed state are normally open- 
circuited. This means that all product terms 
are initially disconnected to the OR array, all 



OR gates are initially at a logic LOW, and all 
output pins are initially in High-Z state. There- 
fore, if anys of the outputs are to be enabled, 
its controlling OR term must be set to a logic 



HIGH. An example is shown in Table 2, term 
where pins A , B B(0)s are programmed 
as dedicated outputs. The input section of 
term is entirely "dashed out" (this is actual- 
ly its unprogrammed state) which causes the 
AND term to be unconditionally HIGH. OR 
terms Ea, E b , and D 8 are connected to 
product term by the "A" entries in their 
respective squares. The rest of the D section 
and the B(O) section are "dotted out" (left 
unconnected) since we are not concerned 
with them for the moment. If more outputs are 
needed later on, their corresponding squares 
may be changed to "As" from "dots" as the 
need arises. 



Table 1. PLHS473 Programming Table 
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Notes 

1 The FPLA is shipped with all links open. 

2. Unused 1 and B bits in the AND array exist as 

Don't Care (-) in the virgin state. 
3 All P-terms are inactive on all outputs (B. O) in the 

virgin array. 
4. Unused product terms can be left blank. 
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VIRGIN STATE 

A factor shipped virgin device contains all 
fusible links. 

1. Aii output at "L" polarity. 

2. All P n terms are enable. 

3. All P n terms are active on all outputs. 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. 

2. Any gate P n will be unconditionally inhibited if any one of its (I, B) link pairs is programmed for a 
connection. 



INPUT-1*INPUT-2 
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•3*INPUT-4 — \s / ^ 



INPUT-2)+(INPUT-3*INPUT4) 



O-C = (INPUT-1*INPUT-2) +0NPUT-3*INPUT-4) 

TC11330S 



Figure 3. Emulation of Open-Collector Output 
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Once we have determined the outputs, we 
can proceed with defining the logic functions. 
As an example, the logic function 

OUT-0 = INPUT- 1 * /INPUT-2 

is shown in Table 2, term #2 where in the 
column labeled "INPUT-1", an "H" is en- 
tered to represent a connection of the non- 
inverting input buffer of INPUT-1 and the AND 
term 2. In the column labelled "INPUT-2", an 
"L" is entered to represent the connection of 
the inverting input buffer of INPUT-1 and the 
AND term 2. On the output side of the table, 
Ob in term is programmed "A" to make a 
connection between term 2 and the OR term 
which is connected to the output pin Ob: The 
output polarity of B is arbitrarily set to 
Active-High by programming an "H" in the 
Ob column of the polarity section. 

A sum of several product terms (AND-OR) is 
implemented by connecting multiple AND 
terms to the same OR term. An example is 
shown in Table 2, terms 4 and 5, which 
implement the logic function 

Table 2. Examples of Programming PLHS473 



OUT-1 = (INPUT-1 */INPUT-2) + 
(INPUT-3 * INPUT-4) 

The logic function 

OUT-2= /((INPUT-1 * INPUT-2) + 
(INPUT-3 * INPUT-4)) 

is shown in terms 9 and 10. The output is 
Active-Low as programmed "L" in the polari- 
ty section of OUT-2. As a rule, the AND 
function is implemented in a row, whereas the 
OR function is implemented in a column. 
Since the AND portions of terms 2 and 4 are 
the same, they may be combined as shown in 
term 7, which saves a duplicated term. 

Table 2 terms 1 2 and 1 3 together emulate an 
open-collector output as an example. The 
logic equation 

O-C- /((INPUT-1 * INPUT-2) + 
(INPUT-3 * INPUT-4)) 

is implemented by first programming O-C 
Active-High in the polarity section. Terms 12 
and 13 implement the sum of product func- 



tion. Notice that the B(O) of O-C is pro- 
grammed as a "dot" in both terms 12 and 13, 
which, together with the polarity control, 
causes it to be unconditionally Low, since a 
disconnected OR term is unconditionally Low. 
The intersections of column D 7 and terms 1 2 
and 13 are programmed "A" so that the tri- 
state output buffer of B(0) 7 is enabled at 
input conditions (INPUT-1 * INPUT-2) = 1 or 
(INPUT-3 * INPUT-4) = 1. Terms 10 and 11 
may be represented as shown in Figure 3. 

Signetics produces a software package, 
AMAZE, as a design tool which assists imple- 
mentation of logic design and documentation. 
For further information on AMAZE software, 
refer to the AMAZE User's Manual. Two 
simple circuits shown as examples are imple- 
mented using AMAZE. The first circuit is a 
simple cross-coupled RS latch. The second 
circuit is a multiplexer/demultiplexer which 
multiplexes four inputs to one output or dem- 
ultiplexes one input into four outputs. Both 
circuits are put into the same PLHS473 de- 
vice. 
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File Nue : 473PRINE 
Date : 9/4/1984 
Tiie : 15:54:14 

(DEVICE TYPE 

PLHS473 

tDRAtflNE 

(revision 

IMTE 
(SYMBOL 

File nate = 473PRIHE 
eCQHfflNV 
WAKE 

CDESCR1PTIQN 
KQHKON PRODUCT TERN 
ilia DIRECTION 

"The I/O DIRECTION definition is optional, and tay be defaulted 
to ttie PIN LIST unless it is bidirectional and is controlled by 
a logic equation. " 

■tititititttitttiiitt I/O DEFINITION FOR R/S LATCH tttttttttttttitiii " 

D8 = 1 ; " Each output «ust be defined seperately by its owi 

logic equation. " 
D7 = 1 ; 

"ittitittitititt I/O DEFINITION FOR HUX/DEHUX CIRCUIT tttitHttttittt ■ 

D3 = DIR ; 



D2 = DIR j 
Dl ' DIR ; 
DO = DIR ; 



Nhen DIR - 1, 33, B2, Bl, BO becou outputs. Data flans 
frot F to A, B, C, D. - 



When DIR - 0, B5 becotes an output, output buffers 
of BO to B3 are disabled. Data flotis fro* A, B, C, 

D to F. ■ 



Figure 5. Boolean Equations 
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•OUTPUT POLARITY 

* The definition of output polarity is optional and uy be defaulted 
the PIN LIST. ■ 

" tmtmtmm POLARITY DEFINITION FOR R/S LATCH mtmetttte " 

X8, X7 = I ; * Outputs Kith the sate polarity tay be defined 
in the sate equation. Since the outputs Q and 
QNOT are defined as active LOU, this equation 
causes the XOR to function as an inverter. " 

■ mmttff POLARITY DEFINITION FOR NUX/DENUX CIRCUIT hhmmih • 

K5, X3, X2, XI, XO = ; ' Outputs BO, 81, B2, B5, B5 are active 
HI6H. " 

ILOSIC EQUATION 

■ tHft«t«*m«mtt EQUATIONS FOR R/S LATCH i»m«»m»«**»*«HH ' 

ii - /( /S » SNOT ) ; " The equation «ust used the fortat 
output - /( ...... ); since output 

6 is defined as active LQN. ' 

fiNOT = /( /R » 9 > ; 

■ t*i*«t*<ttt«*f EQUATIONS FOR NUX/DEHUX CIRCUIT HtHtimitfem* ■ 

F = I A * /SO • /SI ) + 

IB* SO * /SI ) + 

( C * /SO » SI ) + 

( D ♦ SO * SI 1 ; 

A = < F * /SO » /'SI ) 

8 * < F * SO * /SI ) 

C = ( F * /SO » SI ') 

D = ( F » SO * 51 > 

Figure 5. Boolean Equations (Continued) 
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T T 

TB03160S 

Figure 6. Program Table 
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INTRODUCTION 

The general technique underlying the opera- 
tion of this A/D converter is illustrated by the 
fuctional block diagram in Figure 1. The 
system consists of a D/A converter, a com- 
parator circuit, and digital logic circuitry. The 
digital logic circuitry outputs a digital vaue 
which is converted to analog by the D/A 
converter. 

The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial conver- 
sion is completed in 13 clock cycles. If 
tracking mode is used, the A/D converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1-LSB per 
clock. The tracking function makes it possible 
to make an A/D conversion in one clock 
cycle if the input changes less than the value 
of 1-LSB per clock period. The conversion 
may be halted and the digital output, as well 
as the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog sample/hold 
will decay due to charge leakages. 

In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 
Signetics NE5105 data sheet for details on 
output latches of voltage comparators). 

The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 



keep the input to the ADC from changing. The 
DONE output may be used to control the 
sample-and-hold if needed. 

This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 
Counter. The analog circuits are not within 
the scope of this paper. 



SAR 

Two PLS1 79s are connected together to form 
a 12-bit shift register and up/down counter. 
The schematic diagram of the A/D converter 
is shown in Figure 2. U2 contains bits to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After 
the/ST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to half- 
scale (1000 0000 0000) and the DONE flip- 
flop is reset to output which causes the 
open-collector output /DONE_OC to become 
high impedance. The digital output is convert- 
ed by the DAC and is compared to the analog 
input voltage by the comparator. If the digital 
output is greater than the analog input, the 
SAR shifts the 1 to next MSB on the right. 
The content of the SAR becomes (0100 0000 
0000). If the digital output is still greater than 
the input, the SAR shifts right one bit again. 
The content of the SAR then becomes (0010 
0000 0000). The shifting of 1 to the next MSB 
in equivalent to reducing by half the value of 
the bit under consideration. If the output is 
still too large, the SAR reduces it by half 
again by shifting to the right one more time. 



The SAR keeps shifting to the right until the 
digital output is less than the input. When the 
output is less than the input, the SAR adds 
one bit to the next MSB while keeping all the 
higher order bits unchanged. For example, if 
the current output is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 
is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 1 2 
bits have been operated on. The last bit (Bit 
0) is always changed from to 1, which is 
used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/DONE OC, to 0. 



UP/DOWN COUNTER 

After DONE becomes 1, if /ST and /HOLD 
are 1 and /TRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will decre- 
ment by 1. When /HOLD becomes 0, the 
counter is inhibited and the output is held 
indefinitely. The counters consist of 1 2 toggle 
flip-flops and 2 p-terms per flip-flop for direc- 
tional control. The counter will operate only 



TRACK - 
HOLD- 



12-BIT SAR 

AND 

UP/OOWN COUNTER 



ANALOG INPUT 



— o- 



LATCH 
ENABLE 



COMPARATOR 



-*- DONE.OC 
-*- CLOCK 1 



^<2 



i£ 



^>12-, 



BIT DATA OUTPUT 



Figure 1. Functional Block Diagram of 12-Bit High-Speed A/D Converter 
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Figure 2. Schematic Diagram of 12-Bit High-Speed A/D Converter 
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after the approximation cycle is completed 
and DONE is 1. 

Since the /ST and /HOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a metasta- 
ble condition from happening, these inputs 
close-up are latched by flip-flops /START of 
U1 and /HLD of U2 respectively. Once they 
are latched, subsequent operation begins at 
the rising-edge of the next clock. The output 
of the comparator may be latched to prevent 
setup time violation. (Signetics NE5105 is a 
high-speed comparator with an output latch. 
External latch may be used with other com- 
parators.) 



CLOCKS 

U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCK2 is used to drive the clock- 
inputs of the PLS179 devices. 

The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 



should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1 0OOpF for 
best results (see Ap Note AN13 for more 
detail). 



DONE AND /DONE—OC 

The output DONE is reset to when /ST is 0. 
It remains until the approximation cycle is 
completed. After the least significant bit be- 
comes 1 , the DONE bit becomes 1 at the next 
clock. It remains 1 until it is reset again by 
input /ST. 

The /DONE_OC output is configured to emu- 
late an open-collector output. The output is 
programmed to have a logic 0. When DONE 
is 0, the Tri-state output buffer is set to Hi-Z 
condition. As soon as DONE equals 1 , the Tri- 
state buffer is enabled and /DONEJDC be- 
comes 0. 

In the initial phase of A/D conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 



the front end. The DONE output may be used 
to control the analog sample/hold circuit. 



INPUT LATCHES 

Flip-flop /START and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, /ST, and the output /START have the 
same polarities. Flip-flop /HLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. The 
output /HLD and the input /HOLD have the 
same polarities. 



AMAZE INPLEMENTATION 

The implementation of the logic circuit using 
AMAZE is as shown in the appendices. The 
SAR circuit is first designed as a state ma- 
chine (file name: ADCS.SEE). It is then parti- 
tioned into two PLS179s after proper pin 
assignments are made. Then the up/down 
counter, input latches, 2-phase clocks and 
the open-collector output, are implemented 
by using Boolean equations in their respec- 
tive .BEE files (file names: ADCB1.BEE and 
ADCB2.BEE) in AMAZE. The files are then 
assembled to produce the fuse-maps of 
PLS179 (ADCB1.STD and ADCB2.STD). 



„ Jinnnjinjuiruinjiniir^ 
, juiTLRjmnnjuuuuuiJiJirij^ 



t w >1 CLOCK PERIOD 



SUCCESSIVE APPROXIMATION 



mr 



Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: STATE EQUATIONS OF SAR 



File Name : ADCS 
Date : 10/21/19B& 
Time : 11:2:14 

©DEVICE SELECTION 

ADCB1/PLS179 

ADCB2/PLS179 

eSTATE VECTORS 

C /START, BIT11, BITIO, BIT9, BIT8, BIT7, BIT6, BITS, BIT4, BIT3, BIT2, 

BIT1, BITO, DONE 1 



INIT 

HALFSCALE . 

ST204S 

ST 1024 

ST512 

ST256 

ST12B 

ST64 

ST32 

ST16 

STB 

ST4 

ST2 

ST1 

AD 1024 

ADS 12 

AD256 

AD12S 

AD64 

AD32 

AD16 

ADS 

AD4 

AD2 

AD1 

END 

SHI 024 

SH256 

SHI 28 

SH64 

SH32 

SH16 

SH8 

SH4 

SH2 

SHI 

SHO 



1000 0000 0000 
1000 0000 OOOO 
-100 0000 0000 
— 10 0000 0000 

1 0000 0000 

1000 OOOO 

-100 OOOO 

— 10 OOOO 

1 OOOO 

1000 

100 



"START CONVERSION PROCESS" 

"SET SAR TO HALF SCALE" 

"PRESENT STATE = 2048 <HALF SCALE) ■ 



"ADD 1 BIT TO THE RIGHT" 



"SHIFT ONE BIT TO THE RIGHT" 



b 



— 01 

O 1 

01 — 



— 01 

1 



@ INPUT VECTORS 
t COMPARE ] 
GREATER = 1 b ; 
LESS = b ; 

eOUTPUT VECTORS 



"IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT, 
"IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT, ... 
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APPENDIX A: STATE EQUATIONS OF SAR (Continued) 



^TRANSITIONS 


WHILE 


C 


INIT 3 

IF [3 THEN C HALFSCALE 3 "INITIALIZE REGISTER TO HALF SCALE" 


WHILE 


C 


ST2048 3 

IF t GREATER 3 THEN C SHI 024 3 "IF GREATER THAN, SHIFT 1 BIT" 

IF I LESS 3 THEN C AD1024 3 "IF LESS THAN, ADD 1 BIT" 


WHILE 


C 


ST 1024 3 

IF £ GREATER 3 THEN C SH512 3 

IF C LESS 3 THEN C AD5I2 3 


WHILE 


C 


ST512 3 

IF t GREATER 3 THEN C SH256 3 

IF I LESS 3 THEN C AD256 3 


WHILE 


c 


ST256 3 

IF C GREATER 3 THEN C SHI 28 3 

IF t LESS 3 THEN C AD128 3 


WHILE 


c 


ST128 3 

IF C GREATER 3 THEN C SH64 3 

IF C LESS 3 THEN C AD64 3 


WHILE 


c 


ST64 3 

IF C GREATER 3 THEN C SH32 3 

IF C LESS 3 THEN C AD32 3 


WHILE 


c 


ST32 3 

IF I GREATER 3 THEN C SHI 6 3 

IF I LESS 3 THEN t AD16 3 


WHILE 


c 


ST16 3 

IF t GREATER 3 THEN C SH8 3 

IF C LESS 3 THEN C ADS 3 


WHILE 


c 


ST8 3 

IF C GREATER 3 THEN C SH4 3 

IF C LESS 3 THEN I AD4 3 


WHILE 


t 


ST4 3 

IF C GREATER 3 THEN t SH2 3 

IF C LESS 3 THEN C AD2 3 


WHILE 


t 


ST2 3 

IF C GREATER 3 THEN C SHI 3 

IF C LESS 3 THEN C AD1 3 


WHILE 


I 


ST1 3 

IF C GREATER 3 THEN C SHO 3 

IF C3 THEN CEND3 

T803330S 
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APPENDIX B: PIN LISTS 



File Name 


: ADCB2 
















Date : 10/21/1986 
















Time : 10: 


58:26 
















#•#****#*«**#**«##**# 


PIN 


L I 


S T 


###**####*****##***•# 


LABEL 
CLOCK 


** 

** 


FNC 

CK 


, 






FNC 
+5V 


** LABEL 
**VCC 


** 


1-! 




-24 


** 


/START 


ft* 




*» 


2-1 




-23 


** 


/B 


♦•/DONE OC 


COMPARE 


** 




** 


3-! 




-22 


*♦ 


B 


*»N/C 


/HOLD 


** 




♦* 


4-1 


P 


-21 


*» 





**/HLD 


/TRACK 


** 




** 


5-i 


L 


-20 


** 





**BIT4 


BITS 


** 




** 


6-! 


S 


-19 


*» 





**BIT3 


N/C 


** 




** 


7-! 


1 


-18 


** 





**BIT2 


N/C 


** 




** 


8-! 


7 


-17 


•* 





**BIT1 


N/C 


** 




** 


9-! 


9 


-16 


#» 





**BITO 


RC 


** 


/B 


** 


10-! 




-15 


*» 





*»DONE 


CLOCK 1 


** 





** 


11-! 




-14 


** 


/o 


**CL0CK2 


END 


** 


OV 


** 


12-1 




-13 


** 


/OE 


*»N/C 

TB03340S 







File Name 


: ADCB1 
















Date : 


10/21/1986 
















Time : 


10 


53:7 
















" 


***#«**#•*##*****#*** 


PIN 


L I 


S T 


»****•#***#*•#*«***•* 


LABEL 


•# 


FNC 


»»F 






- PIN** 


FNC 


ft* LABEL 






CLOCK 




** 


CK 


** 


1-! 




-24 


•* 


+5V 


•ftVCC 


/ST 




»* 




** 


2-i 




-23 


** 


/B 


**N/C 


COMPARE 




*» 




ft* 


3-! 




-22 


ft* 





♦♦/START 


/HLD 




** 




** 


4-! 


P 


-21 


** 





♦♦BIT11 


/TRACK 




ft* 




** 


5-! 


L 


-20 


ft* 





♦♦BIT10 


BIT4 




** 




** 


6-! 


S 


-19 


** 





•*BIT9 


BIT3 




** 




** 


7-i 


1 


-18 


** 





*»BIT8 


BIT2 




*ft 




** 


B-: 


7 


-17 


** 





♦♦BIT7 


BIT1 




** 




** 


9-! 


9 


-16 


** 





**BIT6 


BITO 




*•* 




** 


10-! 




-15 


** 





**BIT5 


DONE 




** 




** 


11-! 




-14 


** 


/B 


♦♦N/C 


SND 




** 


OV 


** 


12-; 




-13 


ft* 


/OE 


**N/C 

TB03370S 
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APPENDIX C: BOOLEAN EQUATIONS OF UP/DOWN COUNTER AND INPUT LATCH 




File Name : ADCB1 












Date : 10/21/1986 












Time : 10:54:48 












•DEVICE TYPE 














PLS179 














SDR AWING 














•REVISION 














•DATE 














•SYMBOL 














FILE NAME : 


ADCB1 












•COMPANY 














•NAME 














•DESCRIPTION 














•COMMON PRODUCT TERM 












•COMPLEMENT ARRAY 












•I/O DIRECTION 














•OUTPUT POLARITY 










1 


•FLIP FLOP CONTROL 












FC = 1 ; 


"SET ALL FLIP FLOP TO BE J/K" 








SOUTPUT ENABLE 














eREGISTER LOAD 














^ASYNCHRONOUS PRESET/RESET 












SFLIP FLOP MODE 












•LOGIC EQUATION 












"NON- INVERT INS INPUT LATCH: /START = 


- /ST " 








START : J = 


ST ; 












K = 


/ST ; 












"UP /DOWN COUNTER ROUTINE" 












/BIT5 : T = 


/START * TRACK * DONE 
/BIT2 * /BIT3 * /BIT4 


* 
+ 


/HLD * COMPARE 


* /BITO 


* /BIT1 


* 




/START * TRACK * DONE 


* 


/HLD * /COMPARE 


* BITO 


* BIT1 


* 




BIT2 * BIT3 * BIT4 












/BIT6 : T = 


/START * TRACK * DONE 
/BIT2 * /BIT3 * /BIT4 


* 


/HLD * COMPARE 
/BIT5 + 


* /BITO 


» /BIT1 


* 




/START ♦ TRACK * DONE 


* 


/HLD * /COMPARE 


* BITO 


* BIT1 


* 




BIT2 * BIT3 * BIT4 * 


BIT5 ; 








/BIT7 : T = 


/START * TRACK * DONE 


* 


/HLD * COMPARE 


* 








/BITO * /BIT1 * /BIT2 


* 


/BIT3 * /BIT4 * 


/BIT5 * 


/BIT& + 






/START * TRACK * DONE 


* 


/HLD * /COMPARE 


* 








BITO * BIT1 » BIT2 


* 


BIT3 * BIT4 * 


BITS » 


BIT6 ; 




/BIT8 : T = 


/START » TRACK * DONE 


• 


/HLD * COMPARE 


» /BITO 


» /BIT1 


» 




/BIT2 * /BIT3 * /BIT4 


* 


/BITS * /BIT6 » 


/BIT7 + 








/START * TRACK * DONE 


* 


/HLD » /COMPARE 


* BITO 


» BIT1 


* 




BIT2 * BIT3 * BIT4 


* 


BIT5 * BIT6 * 


BIT7 ; 






/BIT9 : T = 


/START * TRACK * DONE 


* 


/HLD # COMPARE 


* /BITO 


» /BIT1 


* 




/BIT2 * /BIT3 » /BIT4 


» 


/BIT5 * /BIT6 * 


/BIT7 * 


/BITB + 






/START * TRACK * DONE 


* 


/HLD * /COMPARE 


* BITO 


* BIT1 


• 




BIT2 * BIT3 * BIT4 


* 


BIT5 * BIT6 * 


BIT7 * 


BIT8 ; 




/BIT10 : T = 


/START * TRACK * DONE 


* 


/HLD * COMPARE 


* /BITO 


* /BIT1 


* 




/BIT2 * /BIT3 * /BIT4 


• 


/BITS » /BIT6 » 


/BIT7 « 


/BIT8 * 






/BIT9 + 














/START * TRACK * DONE 


* 


/HLD * /COMPARE 


* BITO 


» BIT! 


* 




BIT2 * BIT3 * BIT4 


* 


BIT5 » BIT6 * 


BIT7 * 


BITB * 






BIT9 ; 












/BIT11 : T = 


/START * TRACK » DONE 


* 


/HLD » COMPARE 


♦ /BITO 


* /BIT1 


• 




/BIT2 * /BIT3 » /BIT4 


* 


/BITS » /BIT& « 


/BIT7 * 


/BIT8 « 






/BIT9 * 














/BIT10 + 














/START » TRACK * DONE 


* 


/HLD » /COMPARE 


* BITO * BIT1 * 






BIT2 » BIT3 * BIT4 


• 


BITS * BIT6 * 


BIT7 * 


BIT8 * 






BIT9 * BIT10 : 






















TB03390S 
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APPENDIX C: BOOLEAN EQUATIONS OF UP/DOWN COUNTER AND INPUT LATCH (Continued) 


File Name : ADCB2 










Date t 10/21 /I 986 










Tine 3 10:58:56 










•DEVICE TYPE 










PLS179 










•DRAWING 










•REVISION 










•DATE 










•SYMBOL 










FILE NAME : ADCB2 










•COMPANY 










•NAME 










•DESCRIPTION 










•COMMON PRODUCT TERM 










•COMPLEMENT ARRAY 










•I/O DIRECTION 










DO = RC ; "RC OSCILLATOR" 




D3 = DONE j "ENABLE /DONE OC TO OUTPUT A LOGIC LOW. 




•OUTPUT POLARITY 










•FLIP FLOP CONTROL 










FC = 1 ; 










•OUTPUT ENABLE 










•REGISTER LOAD 










•ASYNCHRONOUS PRESET/RESET 










•FLIP FLOP MODE 










"MO, Ml, M2, M3, M4, M5 


= 


1 ; 


SET FO - F5 TO J/K FLIP FLOPS. " 


•LOGIC EQUATION 










"NON- INVERTING INPUT LATCH 




/HLD 


= /HOLD " 




HLD : J = HOLD ; 










K = /HOLD ; 










"UP/DOWN COUNTER ROUTINE" 








i 


/BITO : T = /START * TRACK 


* 


DONE 


* /HLD ; 


1 

i 


/BIT1 : T = /START » TRACK 


* 


DONE 


* /HLD « /COMPARE * BITO + 




/START * TRACK 


» 


DONE 


* /HLD » COMPARE * /BITO ; 




/BIT2 : T = /START * TRACK 


* 


DONE 


* /HLD * /COMPARE * BITO * 


BIT1 + 


/START * TRACK 


* 


DONE 


* /HLD * COMPARE * /BITO * 


/BIT1 ; 


/BIT3 : T = /START * TRACK 


* 


DONE 


* /HLD * /COMPARE * BITO * 


BIT1 * 


BIT2 + 










/START » TRACK 


* 


DONE 


* /HLD * COMPARE * /BITO » 


/BIT1 * / 


BIT2 ; 










/BIT4 : T = /START * TRACK 


* 


DONE 


* /HLD * /COMPARE * BITO * 


BIT1 * 


BIT2 * 










BIT3 + 










/START * TRACK 


* 


DONE 


* /HLD * COMPARE * /BITO * 


/BIT1 * / 


BIT2 * 










/BIT3 ; 










/DONE_QC = /< 1 ) ; 










"RC. DSCILLATOR" 










RC = / < 1 ) ; 










CLOCK 1 = RC ; 










CL0CK2 = /< CLOCK 1 ) ; 




"BUILT-IN DELAY OF 1 tPD" 












TB03380S 
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APPENDIX D: 


U1 ADCB1 FUSE MAP 










File Name : ADCB1 










Date : 10/21/1986 










Time : 10:56:5 










Cust /Project - 










Date 










Rev/I. D. 










PLS179 






F/F TYPE I E<b> = !E<a) = IPOLARTY! 


~f~! 

E 
R 
M 




A:A:A:A:A:A:A:A! 


I !L:L:L:L! 


! I 


I B(i) I Q<p) I 


Q(n> ! B<o) I 
















■765432 


1 013 


2 10 


7 6 5 4 3 2 1 OI7 


6 5 4 3 2 1 013 2 10! 




1 


A! , 


- Ll- 




- - - -,- !H 


, !A AAA! 




2 
3 
4 


AIL L L L,L H 
A!H H H H,L H 
A!L L L L,L H 


H -•- 
L -!- 

H -!- 


- H L 

- H H 

- H L 


L , 1- 


, 0!A AAA! 




L , Hl- 


-, O-IAAAA! 




5 


A!H H H H,L H 


L -!- 


- H H 


L , Ll- 


, -!A AAA! 




6 


AIL L L L,L H 


H -!- 


- H L 


L , H Hl- 


-,- - -!A AAA! 




7 


AIH H H H,L H 


L -!- 


- H H 


L , L Ll- 


,- Q !A AAA! 




8 


AIL L L L,L H 


H -!- 


- H L 


L ,- H H Hl- 


,0 !AAAA! 




9 


AIH H H H,L H 


L -!- 


- H H 


L ,- L L Ll- 


,0 !A AAA! 




10 


AIL L L L,L H 


H -'.- 


- H L 


L - - -,H H H Hl- 


0, '.AAAA! 




11 


AIH H H H,L H 


L -!- 


- H H 


L ,L L L Ll- 


0, !A AAA! 




12 


AIL L L L,L H 


H -!- 


- H L 


L H,H H H Hl- 


- -, !A AAA! 




13 


AIH H H H,L H 


L -!- 


- H H 


L L,L L L Ll- 


- -, !A AAA! 




14 


AIL L L L,L H 


H -!- 


- H L 


L - H H,H H H Hl- 


, !A AAA! 




15 


AIH H H H,L H 


L -!- 


- H H 


L - L L,L L L Ll- 


, !A AAA! 




16 


A! , 






H , !- 


L H H,H H H H!A AAA! 




17 


AIL L L L, 


H -'. - 


- L L 


L L H H,H H H Hl- 


H L -, '.A A A A'. 




18 


AIL L L L, 


L -!- 


- L L 


L L H H,H H H H!- 


- L -, !A AAA! 




19 


AIL L L L, 


H -!- 


- L L 


L - L H,H H H Hl- 


- H L, !A AAA! 




20 


AIL L L L, 


L -!- 


- L L 


L - L H,H H H Hl- 


L, !A AAA! 




21 


A!L L L L, 


H -!- 


- L L 


L L,H H H Hl- 


H,L !A AAA! 




22 


AIL L L L, 


L -!- 


- L L 


L L,H H H Hl- 


,L !A AAA! 




23 


AIL L L L, 


H -!- 


- L L 


L ,L H H Hl- 


,H L !A AAA! 




24 
25 
26 


A'.L L L L, 

AIL L L L, 

!A!L L L L, 


L -'.- 
H -!- 
L -!- 


- L L 

- L L 

- L L 


L ,L H H Hl- 


,- L !A AAA! 




L ~ ~ , L H H 1 ■' 












27 


AIL L L L, 


H -!- 


- L L 


L , L H!- 


, H L!A AAA! 




28 


IAIL L L L, 


L -!- 


- L L 


L , L Hl- 


, L!A AAA! 




29 


AIL L L L, 


H -!- 


- L L 


L , L!- 


, H!A AAA! 




30 


!0!0 0,0 


0!0 





0,0 OIO 


0,0 0!A AAA! 




31 
Fc 


.O'.O o,o 


OIO 





0,0 O'.O 


0,0 O'A AAA! 
















Pb 


'. 10 0,0 


OIO 





'0 0,0 0! 






Rto 


!. !0 O 0,0 


010 





10 0,0 0! 






Lb 


. 10 0,0 


OIO 





•0 0,0 0! 


. 




Pa 


!. IO O 0,0 


010 


O 


!0 0,0 O O! 


. 




Ra 


.10 0,0 


0!0 





'0 0,0 O! 


. 




La 


!. !0 0,0 


O'.O 





!0 O O 0,0 O O 0! 


. 




D3 


'.10 0,0 


0!0 





!0 0,0 O 0! 


. 




D2 


!. 10 0,0 


010 





10 0,0 O O! 


. 




01 


'.10 0,0 


o Oio 





■0 0,0 0! 


. 




DO 


!. 10 0,0 


OIO 





IO 0,0 0! 


■ 




B B B B / / 


C / N 


NDB/BBBBBBB/ 


BBBBBBBNNDB 




III I T H 


OS/ 


/ U I 5 T I "II" I T"I S 


I irr ir i //a I 




T T T T R L 


M T C 


CNTTTTTTTTTT 


TTTTTTTCCNT 




1 2 3 4 A D 


P 


E0A1 198765A 


119 8 7 6 5 E 




C 


A 


RIO R 


1 




K 


R 

E 


T T 
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APPENDIX D: U2 ADCB2 FUSE MAP (Continued) 



File Name : ADCB2 










Date : 10/21/1986 






Time : 11:0:7 






Cust/Project - 






Date 






Rev/ I. D. 






PL.S179 


F/F TYPE ! E<b) = !E(a> = iPOLARTY! 


T ! 


A:A:A:A:A:A:A:A! O ! 


!L:L:H:L! 


R ! ! I ! B(i) 


Q(p) ! Q(n 


) ! B(o> ! 








! _ ! 7_6_5_4_3_2_1_0 ! 3_2_1_0 


7_6_5_4_3_2_ 1 _0 ! 7_6_5_4_3 


_2_1_0!3_2_1_0! 




















3!A! ,L - L H! 


- L , L L!0 ,- 


!. 




















<j — — : . 






5!A! ,L - L H!- 


- L - -,- L L L!0 ,0 


_ _ _i 
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SUMMARY 

The evolution of Programmable Logic De- 
vices (PLD's) has led to the birth of a new 
generation of programmable devices desig- 
nated as PML (Programmable Macro Logic). 
The immense versatility of these devices 
brings them closer as plausible alternatives to 
semicustom design approaches in low-to- 
medium ranges of applications. The following 
paper begins with a background on PML and 
a brief description of the PML basic architec- 
ture (See Reference 1.) Next, the first PML 
devices are introduced with a detailed discus- 



sion of the PLHS501 . The implementation of 
PML in the AMAZE software package is 
presented. A system level example intends to 
demonstrate the capabilities of PML as an 
eloquent and efficient design alternative. 



THE EMERGENCE OF THE 
THIRD GENERATION PLD 
ARCHITECTURE 

PML was introduced at WESCON '85 by 
Signetics Corporation. The unique architec- 
ture of PML breaks away into a new era of 
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Figure 1. One of the Latest Registered PALs™ 



programmable logic devices. The purpose of 
the PML architecture is to overcome the two 
level AND-OR bottleneck and provide the 
user with a higher level of logic integration. 
Current PLD's rely on two levels of logic 
transformation to implement combinational 
logic in Sum-Of-Products (SOP) form. In addi- 
tion various PLD's make use of higher level 
macros such as flip-flops to form sequential 
logic functions. These macros connect the 
AND-OR chain to dedicated I/O pins. 

Figure 1 show the basic architecture of one of 
the most recent PAL™ devices. It is clear 
that this architecture is inefficient in making 
full use of the available on-chip resources. 
This is due to the fact that an unused I/O 
macro will be wasted and remains futile. 

For example, if an I/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic integra- 
tion. The PML device takes advantage of the 
fundamental architecture shown in Figure 2 to 
overcome these deficiencies and waste of 
on-chip resources. As shown in Figure 2, PML 
incorporates the NAND-NAND gate equiva- 
lence to break the AND-OR bottleneck. 

The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. 

At the present, two devices are under devel- 
opment which employ the above architecture. 
Both devices are fabricated by the Signetics 
state-of-the-art oxide isolation process and 
are packaged in 52-pin PLCC. 

The first device available will be the 
PLHS501. The seemingly simple structure of 
this device can implement every logic func- 
tion furnished by the current PAL™/PLA 
devices. Although the PLHS501 is principally 
a combinational logic device, its unique archi- 
tecture makes it an ideal tool for applications 
involving asynchronous state machines (See 
Reference 2.) 

The PLHS502 is a sequential logic device. It 
supplements the PLHS501 features with six- 
teen edge-triggered flip-flops. The device can 
provide diverse applications encompassing 
synchronous and asynchronous state ma- 
chine designs. 
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Table 1. Functional Description of PLHS501 I/O Pins 


PIN NO. 


IDENTIFIER 


FUNCTION 


41-45, 47-52, 
1-7, 9-14 


I0-I23 


Dedicated inputs 


37-40 


/B0-/B3 


Fuse-programmable bidirectional l/Os with Active-Low 
outputs. Can be configured as open-collector outputs. 


15-18 


B4-B7 


Logic controlled bidirectional l/Os with Active-High 
Tri-state outputs. 


28-29 
30-31 
32-33 
35-36 


X0-X1 
X2-X3 
X4-X5 
X6-X7 


Pairs of Tri-state Exclusive-OR outputs that have 
common Output Enable. 


19, 21 
22-23 


O0-O1 
02-03 


Pairs of dedicated Active-Low Tri-state output buffers. 
Each pair has common Output Enable control. 


24-25 
26-27 


04-05 
06-07 


Pairs of dedicated Active-High Tri-state output buffers. 
Each pair has common Output Enable control. 
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THE PLHS501 PML 

The PLHS501 architecture in Figure 3 exhib- 
its an exquisite logic tool. The device provides 
a combination of 72 NAND terms, 24 dedicat- 
ed inputs (I0-I23), eight bidirectional l/O's 
(B0-B7), eight exclusive-OR outputs (X0-X7), 



and eight dedicated outputs (O0-O7). Figure 
4 shows the PLHS501 logic diagram and 
Table 1 illustrates the functional breakdown 
of the PLHS501 I/O pins. 

Since the output of each NAND term feeds 
back to the inputs of the NAND array, intri- 



cate logic functions can be implemented 
without wasting valuable I/O pins. For exam- 
ple, in order to implement an internal 'RS' 
latch in a combinational PAL™/PLD, at least 
two inputs and two outputs are required. The 
same internal latch can be configured by the 
PLHS501 without using any I/O pins. 
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Figure 3. PLHS501 Logic Diagram 
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Figure 4. PLHS501 Pin Assignments 



Figure 5 illustrates how 'RS' and 'D' latches 
are implemented in the PLHS501. 

Another eminent application of the PLHS501 
is in generating asynchronous state ma- 
chines. 

The blend of internal feedback paths together 
with the abundant number of gates makes 
this device suitable for designing asynchro- 
nous state machines which employ propaga- 
tion delays of feedback paths as memory 
elements as shown in Figure 6. (See Refer- 
ence 2.) 
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Figure 5. R/S and D Latch Implementation With PML 
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PML DEVELOPMENT 
SOFTWARE 

Programmable logic development software 
has become an integral part of the PLD 
design process. Without software tools PLDs 
become perplexing devices which are incon- 
venient to use. Development software en- 
ables the user to take full advantage of the 
programmable logic's resources. The com- 
plexity of the PML devices makes software an 
indispensable element in the design process. 

The AMAZE PLD design software, as noted in 
Reference 3, has been developed for 
Signetics programmable logic devices. PML 



design and development will be fully support- 
ed by AMAZE. Figure 7 shows the AMAZE 
configuration for supporting PML. The struc- 
ture of the software is based on the following 
modules: 

.BLAST (Boolean Logic And State Trans- 
fer entry) 
.DPI (Device Programmer Interface) 

.SIM (PLD functional SIMulator) 
.PI (PML Integrator) 

The foundation for the above modules is an 
AMAZE standard fuse file (STD). The STD file 
is the common means of communication 
between all the modules. The following para- 



graphs briefly explain the implementation of 
PML in the AMAZE structure. 

BLAST 

The basic elements of BLAST are: 

1. Boolean Equation Entry (BEE). 

2. State Equation Entry (SEE). 

3. Schematic To Boolean Converter (STBC). 

1 . BEE accepts user defined logic in the form 
of boolean equations and produces an 
AMAZE standard fuse file. The boolean nota- 
tion in BEE will account for the following PML 
features. 

a. The single array architecture provides an 
option to specify the number of logic (gate) 
levels that accommodate a specified function. 
The number of gate levels dictate the delay 
between the inputs and outputs. The number 
of logic levels for each function can be 
specified using the following notation: 

LABEL [ number of logic levels ] = equation; 
where LABEL is the user designated name of 
the output pin. 

b. Some outputs have more than one gate 
associated with them (for example registered 
or EXOR outputs). The input SIDE of these 
outputs can be specifically defined. For ex- 
ample: 

Pin Label: R = eqn; 
S = eqn; 

c. User definable CLOCK Logic (e.g. as in the 
PLHS502) can be specified. 

d. For PML devices the Sum-of-Products 
(SOP) can be defined as common terms. 
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2. SEE accepts state machine definitions and 
produces the AMAZE standard fuse file. Par- 
ticularly, SEE will include asynchronous state 
machine implementations utilizing the 
PLHS501 . 

3. STBC converst schematic netlists pro- 
duced by CAD systems such as Futurenet™, 
Daisy, and Mentor into an AMAZE BEE file. 
STBC will fully embody the PML in the follow- 
ing manner: 

a. De Morgan's theorem is applied to produce 
equations in SOP form. All the functions in 
SOP form are then converted into their 
NAND- NAND equivalent. 

b. The converter will determine the polarity 
and the number of levels in each equation 
and will automatically determine the correct 
output polarity. 



DPI 

Device Programmer Interface provides the 
interface between the AMAZE standard fuse 
file and a commercial programmer. It allows 
the transmission of data to and from the 
device programmer. 



SIM 

The functional simulator uses the AMAZE 
standard fuse file in the following manner: 

a. An event driven simulator will assess the 
delays within the PML in order to properly 
simulate the pattern. 

b. Automatically generates test vectors for 
the pattern simulation. 



PI 

The PML Integrator is a conversion that 
transforms various PAL™ or PLD circuits into 
a PML device, it will automatically fit multiple 
PAL™/'PLD devices into a single PML. it is 
capable of automatically receiving patterns 
from a commercial device programmer and 
downloading it back to the programmer after 
the PML transformation. The implementation 
of an 'Integrator' will allow the automatic 
conversion of numerous PAL™/PLDs into a 
single PML device. 

AMAZE will not be the total extent of devel- 
opment software available for the PML de- 
vices. The task of implementing PML design 
software is already underway by a number of 
different vendors of CAD software. 



PLHS501 DESIGN EXAMPLE 

The following example intends to manifest 
the capabilities of the PLHS501. FkjUfe 8 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system 
diagram is drafted using Futurenet™ DASH-2 
Schematic Designer. The system is parti- 
tioned into two PLS173s and one PLS153. In 
order to convert the system into its targeted 
PLD's, the PINLIST (see Figures 9a-9c) has 
to be defined. Using the AMAZE PIN-LIST 
editor, the specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 8). After the declaration of 
labels, AMAZE automatically converts the 
system to the designated PLDs. The AMAZE 



generated boolean equation files are shown 
in Figures 9a, 9b, and 9c. Figure 10 shows 
the overall system implemented with PLDs. 
The logic condensation capabilities of PML 
makes it feasible to replace the whole system 
by a single PLHS501 (Figure 11). The 
PLHS501 in this design wilt still have ample 
space for any future additions. 

The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 

REFERENCES 

1. Cavlan, Napoleone 1985. "Third Genera- 
tion PLD Architecture Breaks AND-OR Bottle- 
neck", WESCON 1985 Conference Proceed- 
ings. 

2. Wong, David K. "Third Generation PLS 
Architecture and its Applications", Electro 
1986 Conference Proceedings. 

3. "1986 PLD Data Manual", Signetics Cor- 
poration. 




November 1986 



9-195 



CO 

en 
o 



1N1A > 
1N1B' 



1N1D »— 
1N1E >— 



1N2B> 
1N1G> 
1N1H> 
1N3C > 
1N1J < 



^ 



J 0- 






.^Ey- 



-H>^ 



1tv r 2 

G4S 



3)G44>>^ f- 



3) G4^J ► 



3^G^1- 



~7|G13V 1 




J^ol 



jjos^j— . 



— ^gy— _ ilE) 1 — r 




;J 04?>2 



O 

(Q 

"-t 

Q 



Q 
<D 

Q 
O 

— T 

o 
o 
o" 

— i 

3' 



to 
o 



Signetics Application Specific Products 



Application Note 



PLHS501 Programmable Macro Logic Primer 



AN29 



















##»######*##*«####### P I N 


1 


I S T 


*#*################## 


SDEVICE TYPE 


















LABEL 




*# 


FNC **PIN 


.._. 


PIN** 


FNC 


** LABEL 


PLS173 
















1N1H 






»* 


I ** 1-! 




!-24 


** 


+5V 


**VCC 


SDRAM I NG 
















IN1B 






** 


I *# 2- 1 




!~23 


*# 





**OUT 1 1 


UREVISION 
















C i 3C. 






** 




* 3-i 




i-22 


#« 





**0UT1H 


8DATE 
















IN1D 






** 


I ** 4- J 


P 


! -21 


** 





**0UT1G 


9SYMBOL 
















IN1E 






** 


I #* 5- ; 


L 


1-20 


** 





**0T1F 


9C0MPANY 
















0T3AIN1F 




#* 


I *# 6-J 


S 


1-19 


** 





**0T1EIN3B 


9NAME 
















I NIG 






** 


I ** 7-1 


1 


1-18 


** 





**0UT1D 


PARTI 
















IN1H 






** 


I ** B-i 


J 


i -17 


** 





**0T1C 


9DESCRIPTI0N. 
















INI I 






** 


I ** 9- ! 


3 


1-16 


*# 





**0T1BIN3A 


SI/0 DIRECTION 
















IN 1.1 






** 


I ** 1 0- I 




1-15 


** 


a 


**0UT1A 


SLOG I C EQUATION 
















•0I3EIN1K 




»* 




11-! 




1-14 


** 


i 


•♦0T2CIN1M 


OUT1A »/INlA*/INlB*ONlJ + /0T3AINlF> 


\ 












QND 






** 


OV ** 12-1 




1-13 


** 


i 


**IN1L 


0T1BIN3A ="/INlB*INlI) 








































OTIC = /IHlH-tQT2CINH1+/INlD*/0T3AINlF+aT3EINlK| 
































OIJ11D = INlB+/INMl 








































Dl 1EIN3B = /INlB*INU+OT2CINlM+/0T3S*II>llA+/INlA*/INlG 


s 


























OTIF =Or2CINlM*/INlG*/INlL) 








































OUT1G -OT2CIN1M+/IN1G*IN1E+IN1B+/OT3G*IN1A; 


































ClliriH ■=/INlH*(INlE)+0T3AINlF + /INlA+INlB+INID; 
































OlJill =</INlE)*0T3G; 








































PLS173 
























! 


POLARITY 




! 








7 ! 

E !- -- 

R ! 

M ! i. 1 - 
! 1 9 
























!HiHsHiHiHiH»H 


HlHsH! 












I 






! 




B 


i > 






! 




B(o) 




! 








8 7 


6 s 


4 3 


2 


i 


0!9 


B 7 


6 5 


4. 3 


2 


1 


0!9 8 7 6.5 4 3 


2 


..'"> ! 








! - - H 








- 


L. 


L! - 


... ; _ 


- - 


... t _ 








- , • 




.A A! 








1 ! - 






■ 1. 






1. 


I.!- 






- ,- 








. , . 




. ft A! 










H 










1. 


.. i _ 




.. _ 




- 






. , . 




A 


A! 








3!- - 




L. 










.... i .. 




.... _ 


- ,- 








■ , ■ 


. . ,A 




A! 








4! ■ - - 














- ( 






■■.- 






H! 


. .A 


ft ■ ,A 
. . ,A 
. . ,A 




ft! 
A! 
ft' 








6' - H - 














~;~ 
























t i ... _ ... 


- 


- 


.... _ 




- 


H 


- ! - 


.... ^ _ 


... _ 




- 


- 


- ( 


A , A 


. A , . 




ft! 








8!- - L 


- 




.. - 








.. I .. 










- 




■ , • 


. A,. 




A! 








9!- - H 


... 


- 


_. -. 




- 


1 


_ 1 -. 




- - 


-,"'• 


- 


- 


- ! 


■ , ■ 


A . ,. 




A! 








1 ! - 

11!- - - 
12 !L - - 










L 




H!- 


-,- 










-■ 


. ,A 


A . ,. 
A . ,. 




A! 

A! 
A! 








_ 


_ 


L - 


-',- 


- 




L -;T. 


-»- 


.. _ 


-'■" 


.- 


- 


H! 


■ ,■ 










13! - 


-. 


- 


1. - 


K,~ 


- 


- 


- ! - 


- ,- 


- - 


-,- 


- 


- 


- ! 


■ ,A 






A : 








14! 


- 


L 


- - 


H,- 


- 




-!- 


-,- 


- - 


-,- 




- 


-! 


A,. 






A! 








15!- 

16! 

17!- - - 


- 


" 


- H 




~ 




L .!- 


".- 





-■- 


- 


- 


-! 


A,. 
A,. 
A,. 






A! 
A! 
A! 










_ 


_ _ 


-,H 


- 




-'_ 


.. - 


_,'_ 




- 


-! 












IS! - 


- 


- 


- - 


L," 


H 


- 


-!- 


-,- 


- - 


-,-- 


- 




-! 


* ■ ,- 






A! 








19!0 











0,0 








0!0 


0,0 





0,0 








0!< 


* A, A ( 


} A A, A 


A 


=1 A! 








20 !0 











, 








0!0 


, 





, 








0! 


* A, A 


•t A A, A 


A 


^ A! 








:/. 1 ! 











0,0 








0!0 


0,0 





0,0 








OH 


* A, A i 


* A A, A 


A 


1 A! 








22 !0 











. 








0!0 


, 





0,0 








0! 


* A, A 


* A A, A 


A 


Ji A' 








23 !0 











, 








0!0 


0,0 





0,0 








0!* 


* A, A ( 


} A A, A 


A 


* A! 








24 ! 











, 








0!0 


0,0 





0,0 








0! 


=1 A, A 


=. A A, A 


A 


^ A! 








2fi!0 











, 








! 


0,0 





0,0 








0! 


1 A, A ( 


} A A, A 


A 


^ A! 








26 10 











0,0 








0!0 


0,0 





, 








0! 


•> A, A 


=1 A A, A 


A 


^ A! 








2/!0 











0,0 








0!0 


0,0 





0,0 








0!( 


* A, A t 


* A A, A 


A 


^ A! 








28(0 











0,0 








0!0 


0,0 





0,0 








0! 


=i A, A 


} A A, A 


A 


=i A! 








2910 











0,0 


•'.< 





0!0 


0,0 





0,0 








OH 


* A, A ( 


* A A, A 


A 


* A! 








3010 











0,0 








0!0 


0,0 





, 








0! 


A A, A 


=i A A, A 


A 


=i A! 








31 ! 
D9 ! - - - 
DB!- - - 
D7!~ - " 
Do!- - - 
D5!- - - 
D4!- - - 
D3!- - - 
D2! 











, 








0!0 


0,0 





0,0 








OH 


tA,AI 


* A A,A 


A 


=1 A! 




















"1" 








































-!- 








































-!- 








































Z;Z 






















































- ! 
















D0!0 











0,0 








0!0 


0,0 





0,0 








0! 
















I Q I 


I I 


I 


I I 





i 


I 














Q 





TOO 


3 





1 








N T N 
1 3 1 


N N 
t 1 


N T 

1 "5 


N N 

I 1 


T 
3 


N 

1 


N U 
1 1 


u u 
1 I 


T T 

1 1 


U T 

1 J 


T 

1 


IJ 

T 


T t 
? 


I U 11 

r t t 


r T U T 

) I 1 


T 
1 


1 T 
r 7 








L E J 
I 


I H 


is a 
I 


E 


u 


B 


A 1 
I 


1 1 
h a 


F E 

I 


1 c 

D 


F.I 

I 


1 

A 


C 
I 


1 1 f 

H G 


E 1 C 
I D 


B 
I 


C 
* I 








N 

1 




N 

1 

F 












N 
3 
B 




N 
3 
A 




N 
1 
M 




11 


N 
3 
A 


N 
1 
M 
















Figure 9 


Part 1: 


PLS173 



















November 1986 



9-197 



Signetics Application Specific .... Products 



Application Note 



PLHS501 Programmable Macro Logic Primer 



AN29 



##################### PIN LIST ###########•######### 



LABEL 
IN1A 
IN2B 
IN2C 
IN1G 
IN1I 
IN1J 
IN1B 
QUI 1G 
OUUH 
OTIC 
013AIN1F 
QND 



•DEVICE TYPE 

PL8173 
•DRAWING 
•REVISION 
•DATE 
•SYMBOL 
•COMPANY 
•NAME 

•DESCRIPTION 
•I/O DIRECTION 
•LOGIC EQUATION 

/0UT2A -/ ( <0UT2B*/0UT1G> ) | 

0UT2B -0UT1H+0UT2A| 

0UT2C -0T2CIN1M+/IN1G+0T2FIN3D| 

OUT2D -OT3AINlF*/INlG+(/OT3AINlF*<<INlB+/INlJ>*/INlI)>*INlB 

+<0T2FIN3D«/0T3G*/IN1A>*<</IN1A*/IN1B#<IN1J+/0T3AIN1F>> 
*</INlB»INU> >+/0T2GIN3E| 

0UI2E -/0T2CIN1M»/IN2C( 

0T2CIN1M -IN1G*/0UT2E| 

/0T2FIN3D ■/<<0UT2C»(IN2B)))| 

0T2GIN3E -/OUT2D+OT1C| 

PLS173 
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-24 ** 
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*##*#####«#««######## 


PIN LIST ################«#«## 


LABEL *# FNC 




•DEVICE TYPE 


**Fj.I1 r LlVr-ir r I1L, w U.HDCL rLSXSJ 


0T1BIN3A ** I 


*• 


1-1 1-20 ** +5V #*VCC 9DRAWING 


0T1EIN3B »» I 


#* 


2-1 1-19 »* B »#N/C 9REVISI0N 


IN3C #* I 


#* 


3-1 P l-ie •* B »«N/C 9DATE 


0T2IN3D ** I 


** 


4-1 L i-17 »* **0T3H 9SYMB0L 


0T23IN3E ** I 


** 


5-1 S 1-16 «» /0 «»/0T3G 9C0MPANY 


OTiF ** 1 


** 


6-i 1 i-13 ** *»0UT3F 9NAME 


IN1L ** I 


## 


7-1 3 1-14 ** ##0T3EIN1K 1DESCRIPTI0N 


INiH ** I 


** 


8-! 3 !-13 ** »»0UT3D 9C0MM0N PRODUCT TERM 


70T3AIN1F ** /O 


«* 


*-'• 1-12 *« **OUT3C 91/0 DIRECTION 


BND ** OV 


#* 


10- i l-il *# I **IN1G 90UTPUT POLARITY 






- — — 9L0GIC EQUATION 






Cust /Project - 






Date 






Rev/I. D. 






PLS153 ! POLARITY ! 






1 ■ !HsHiHiL:HiHiHiHtH:L<' 






[£ 1 _ 






R ■ I ! B(i) ! B(o) ! 






N ( - 






!7 6 5. .4.. 3 2.1 .0(9 .8.7 6 5.4 3 2 1 0!9 8 7 6 5 4 3 2 10! 
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3!<J V u o,U 0(0 0,0 0,0 0!A A, A A A A, A A A A! 
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5!0 0,0 010 0,0 0,0 0(A A, A A A A, A AAA! 






6!0 0,0 0!0 0,0 0,0 0!A A, A A A A, A AAA! 






7!0 0,0 0!0 0,0 0,0 0!A A, A A A A, A AAA! 






8!0 0,0 0!0 0,0 0,0 0!A A, A A A A, A A A A! 






9(0 0,0 0(0 0,0 0,0 0(A A, A A A A, A A A A( 






1010 0,0 0!0 0,0 0,0 0(A A, A A A A, A A A A! 






11(0 0,0 0!0 0,0, 0,0 01 A A, A A A A, A A A A( 






12)0 0,0 0(0 0,0 0,0 OIA A, A A A A, A AAA! 






13(0 0,0 0(0 0,0 0,0 0(A A, A A A A, A AAA! 






14 10 0,0 0(0 0,0 0,0 OIA A, A A A A, A A A A! 
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22!0 0,0 0(0 0,0 0,0 OIA A, A A A A, A AAA! 






2310 0,0 0!0 0,0 0,0 OIA A, A A A A, A AAA 1 






2410 0,0 0(0 0,0 0,0 OIA A, A A A A, A AAA! 






25 ! 0,0 ! 0,0 0,0 OIA A , A A A A , A A A A ( 






26(0 0,0 0(0 0,0 0,0 OIA A^A A A a',A AAA 1 






2710 0,0 0!0 0,0 0,0 OIA A, A A A A, A A A A' 






2810 0,0 010 0,0 0,0 0!A A, A A A A, A AAA! 






2910 0,0 010 0,0 0,0 OIA A, A A A A, A AAA' 






3010 0,0 010 0,0 0,0 OIA A, A A A A, A AAA' 






31(0 0,0 0(0 0,0 0,0 0!A A, A A A A, A AAA' 






D9(0 0,0 0(0 0,0 0,0 01 






D8!0 0,0 010 0,0 0,0 0! 


































D1!0 0,0 0(0 0,0 0,0 0! 






D0! ~ ~ >~ " ~ ~ ! - ". ." - " "! 






IIOOOIOONNO/OOOOI/NNO/OOOOI/ 






NNTTINTT//TOUTUUNO//TOUTUUNO 






' ' 1 ? V 3 J 1 n r 3 T T 3 T T J 1 r C 3 T T 3 T T 1 T 






H L FGICEB H33E33G3 H33E33G3 






IN !I GFIDC A GFIDC A 






N 3 N N N I N I 






3 D 3 3 1 N 1 N 






E B A K 1 K 1 






F F 






Figure 9c. Part 3: PLS153 



November 1986 



9-199 



Signetics Application Specific Products 



Application Note 



PLHS501 Programmable Macro Logic Primer 



AN29 



IN1A »- 
IN1B»— 



IN1D»— 
IN1E »- 



IN1G»- 
IN1H»- 
IN1I »- 
IN1J»- 



IN1A £ 

IN1BC 

OT3G £ 

IN1D ^ 

IN1EC 

-OT3AIN1F £ 

IN1G£ 

IN1H £ 

IN1I C 

INUC 

-0T3EIN1KC 
GND f_ 



1 

o] 
o] 
o3 
o3 

on 

o] 

o: 

• 1 

■ : 



"cc 

0UT1I 

0UT1H 

0UT1G 

0T1F 

0T1EIN3B - 

0UT1D 

0T1C 



0T1BIN3A- 

0UT1A 

0T2CIN1M- 
IN1L < 



IN1A £ 

IN2B n 

IN2C C 

IN1GC 

IN1lC 

IN1J£ 

INIBfJ 

— 0UT1GC 

— outihC 

OT>C£ 

-0T3AIN1FC 

gnd£ 



1 
1 

]OT2GIN3E- 
2 OT2FIN30 - 
]0T2CIN1M- 
2 0UT2E 
2 0UT2D 
2 0UT2C 
2 0UT2B 

2 0UT2A 

30T3G 



-0T1BIN3A£ 
-0T1EIN3BC 
IN3C C 

- OT2FIN3D C 
-OT2GIN3E C 

0T1FC 

IN1LC 

inihC 

- df3AJN1F C 

GND C 



]v cc 

B] 
B] 
O 30T3H 

O UOT3G 

O D0UT3F 

O 30T2EIN1K- 
O D0UT3D 



I0UT3C- 
]|N1G 



■*■ 0T3G 
•*■ 0UT3F 



-*■ 0UT3D 
-*- 0UT3C 



-*- 0T3AIN1F 



Figure 10. System in Figure 8 Implemented With PLD's 
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Figure 11. System in Figure 10 Implemented With PLHS501 
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PLASTIC PLCC 

1. Package dimensions conform to JEDEC 
specifications for standard Leaded Chip 
Carrier outline (PLCC) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters 
contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M - 1982. 

4. "D-E" and "F-G" are reference datums 
on the molded body and do not include 
mold flash or protrusions. Mold flash or 



protrusions shall not exceed 0.15mm 
(0.006") on any side. 
Pin numbers start with pin #1 and con- 
tinue counterclockwise when viewed 
from the top. 

Lead material: Olin 194 (Copper Alloy) or 
equivalent, solder dipped. 
Body material: Plastic (Epoxy). 
Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 



forward voltage drop of a calibrated di- 
ode to measure the change in junction 
temperature due to a known power appli- 
cation. Test condition for these values 
follow: 
Test Ambient — Still Air 
Test Fixture — JA - Glass epoxy test 
board (2.24" X 
2.24" X 0.062".) 
0jc- Water cooled heat 
sink 



PLASTIC LEADED CHIP CARRIER (PLCC) 



NO. OF LEADS 


PACKAGE CODE 


DESCRIPTION | 


TYPICAL 0j A /0 JC VALUES (°C/W) 


20 
28 
52 


A 
A 
A 


350mil-wide j 
450mil-wide i 
750mil-wide 


Die 
Size 


Power 
Dissipation (W) 


Average 

0JA 


Average 


20K 
25K 
50K 


.75 

1.0 
1.0 


70 
61 
42 


30 
23 
15 









20-PIN PLASTIC PLCC (A PACKAGE) 



.385 (9.78) 



-■frjAjF-G®! .007 (0-18) ®; 



l»B'D-E®j .007 (0.18) (j? 
[X;B©[ .002 IN/IN 



T^ 



200 (5.08) BSC 

F^iBO^E 7 ®! .007 (0.18) (Sj 




853-0400 84711 



NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AA for plastic leaded chip carrier 20 leads, 
.050 inch lead spacing, square, (issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric are shown in 



3. Dimensions and tolerancing per ANSI Y14.5M-1982. 

4. "A" and "B" are reference datums on the molded 
body at plane "H" and do not include mold flash. 
Mold flash protrusion shall not exceed .006" (.15mm) 
on any side. 

5. Datum "D-E" and "F-G" are determined where these 
center leads exit from the body at plane "H". 

6. Pin numbers continue counterclockwise to pin #20 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 




IIIII - *\A\B(i> .010(025)-® 



e; D-E © ! -015 (.38) 
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28-PIN PLASTIC PLCC (A PACKAGE) 




NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AB for plastic leaded chip carrier 28 leads, 
.050 inch lead spacing, square, (issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric are shown in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 

4. "A" and "B" are reference datums on the molded 
body at plane "H" and do not include mold flash. 
Mold flash protrusion shall not exceed .006" (.15mm) 
on any side. 

5. Datum "D-E" and "F-G" are determined where these 
center leads exit from the body at plane "H". 

6. Pin numbers continue counterclockwise to pin #28 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 



SEATNG 
PLANE 

7^ 



853-0401 84711 




52-PIN PLASTIC PLCC (A PACKAGE) 




NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AA for plastic leaded chip carrier 20 leads, 
.050 inch lead spacing, square, (issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric are shown in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 

4. "A" and "B" are reference datums on the molded 
body at plane "H" and do not include mold flash. 
Mold flash protrusion shall not exceed .006" (15mm) 
on any side. 

5. Datum "D-E" and "F-G" are determined where these 
center leads exit from the body at plane "H". 

6. Pin numbers continue counterclockwise to pin #20 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 



853-0397 84711 



HSEnorasna 
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HERMETIC CERDIP 

1. Package dimensions conform to JEDEC 
specifications for standard Ceramic Dual 
Inline (Cerdip) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M - i982. 

4. Pin numbers start with pin #1 and con- 
tinue counterclockwise when viewed 
from the top. 



These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

Lead materia!: ASTM alloy F-30 {Alloy 42) 
or equivalent -tin plated or solder 
dipped. 

Body Material: Ceramic with glass seal at 
ieads. 

Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 



forward voltage drop of a calibrated di- 
ode to measure the change in junction 
temperature due to a known power appli- 
cation. Test condition for these values 
follow: 
Test Ambient — Still Air 
Test Fixture — JA - Textool ZIF socket 
with 0.04" stand- 
off 
0jc- Water cooled heat 
sink 



HERMETIC DUAL-IN-LINE PACKAGES 



NO. oF LtAoS 


PAGKAlafc Coot 


DESCRIPTION 




TYPiCAL d JA /6jc VALUES (°C/W) 


20 
24 
28 


F 
F 
F 


300mil-wide 
300mil-wide 
600mil-wide 


Die 
Size 


Power 
Dissipation (W) 


Average 

0JA 


Average 

0JC 


20K 
25K 
30K 


.75 
1.0 
1.0 


70 
62 
48 


7.8 
6.9 
6.3 











20-PIN CERAMIC DIP (F PACKAGE) 







.078 (1.98) 




.078 (1.98) 






j 


.012 (.30) 

L Jk Jk JK JK Jk Jk Jk JK J 


I 


.012 (.30) 


A 




) 


I 

.306 (7.77) 


I 




.285 (7.24) 

I 


iPIN # 


H 


-Y y v v v v v v v s j 

_^ I 100 (2.54) BSC 










r~r7T- 




.975 (24.73) 




I " T 






.940 (23.88) 







. .058 (1.47) 



SEATING T 

PLANE 165 (4.1 



.070 (1.78) 



.050 (1.27) 



.165 (4.19) 
.125 (3.18) 



.023 (.58) 



|T|S|O©|.010 (.254) 



NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 




.010 (.25) 



853-0584 81594 
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24-PIN CERAMIC DIP (F PACKAGE) 



.098 (2.4 9) ,— SEE NOTE 6 

.030 (.76) 



1 



AAAAA J^JV. Jl Jl. Jl A A 



& 



-YyvvvvvvvvvY 

— ] (— .100 (2.54) BSC 
1.280 (32.51) 



.070 (1.47) 



.098 (2.49) 
.030 (.76) 



NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 



.306 (7.77) 
.285 (7.24) 



2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

6. Denotes window location for EPROM products. 



.050 (.76) 



sdMMMJUUW 



023 l- 58 ) IX I I I ~i 
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28-PIN CERAMIC DIP (F PACKAGE) 



Aaaaaaaa/vaaaaI 




NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 

6. Denotes window location for EPROM products. 





.620 (15.75) 


145 (3.68) 
J 


.590 (14.99) 
(NOTE 4) 







<l ^TJ ^TlElDdjOIOt.^) 61 




.010 (.25) 
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Package Outlines 



HERMETIC CERDIP WITH QUARTZ WINDOW 



1. Package dimensions conform to JEDEC 
specifications for standard Ceramic Dual 
Inline (Cerdip) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Yi4.5M - 1982. 

4. Pin numbers start with pin #1 and con- 
tinue counterclockwise when viewed 
from the top. 



5. These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

6. Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent -tin plated or solder 
dipped. 

7. Body Material: Ceramic with glass seal at 
ieads. 

8. Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 



forward voltage drop of a calibrated di- 
ode to measure the change in junction 
temperature due to a known power appli- 
cation. Test condition for these values 
follow: 
Test Ambient — Still Air 
Test Fixture — dj^ - Textool ZIF socket 
with 0.04" stand- 
off 
0jc - Water cooled heat 
sink 



HERMETIC DUAL-IN-LINE PACKAGES WITH QUARTZ WINDOW 



NO. OF LEADS 


PACKAGE CODE 


DESCRIPTION 


24 
28 


F 
F 


300mil-wide 
600mil-wide 



TYPICAL ja /0jc VALUES (°C/W) 


Die 
Size 


Power 
Dissipation (W) 


Average 

0JA 


Average 

0JC 


25K 
30K 


.5 . 
.5 


67 
52 


7.8... 
7.0 



24-PIN CERAMIC DIP WITH QUARTZ WINDOW (FA PACKAGE) 




NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 



2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and "E" are reference daturns on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

6. Denotes window location for EPROM products. 



I 


.290 (7.37)"* 
(NOTE 4) 


175 (4.45) 


1 ■ 


145 13.68) | I 
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28-PIN CERAMIC DIP WITH OUARTZ WINDOW (FA PACKAGE) 




NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 



2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T", "D", and "E" are reference datums oh the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

6. Denotes window location for EPROM products. 



853-0589 84000 



November 1986 



10-8 



Signetics Application Specific Products 



Package Outlines 



PLASTIC DIP 

1 . Package dimensions conform to JEDEC 
specification MS-001-AA for standard 
Plastic Dual Inline (DIP) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M - 1982. 

4. "T", "D" and "E" are reference datums 
on the molded body and do not include 
mold flash or protrusions. Mold flash or 
protrusions shall not exceed 0.01 inch 
(0.25mm) on any side. 



These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

Pin numbers start with pin # 1 and con- 
tinue counterclockwise when viewed 
from the top. 

Lead material: Olin 1 94 (Copper Alloy) or 
equivalent, solder dipped. 
Body material: Plastic (Epoxy) 
Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 



forward voltage drop of a calibrated di- 
ode to measure the change in junction 
temperature due to a known power appli- 
cation. Test condition for these values 
follow: 
Test Ambient — Still Air 
Test Fixture — JA - Textool ZIF socket 
with 0.04" stand- 
off 
0jc~ Water cooled heat 
sink 



PLASTIC DUAL-iN-LINE PACKAGES 



NO. OF LEADS 


PACKAGE CODE 


DESCRIPTION 


20 


N 


Cu. Lead Frame 
3Q0mil-wide 


24 


N 


Cu. Lead Frame 
300mil-wide 


28 


N 


Cu. Lead Frame 
600mil-wide 



TYPICAL JA /0jc VALUES (°C/W) 


Die 
Size 


Power 
Dissipation (W) 


Average 

0JA 


Average 

0JC 


20K 
25K 
50K 


.75 
1.0 
1.0 


61 
55 
46 


25 
25 
18 



20-PIN PLASTIC (N PACKAGE) 



- mooa .004 uoTT - 



1 



LhAAhAAAAA 



srwwvwvy 




NOTES: 

1. Controlling dimension: inches. Metric are shown in 



2. Package dimensions conform to JEDEC specification 
MS-001-AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

4. "T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 



322 (8.18) 




853-0408 81234 
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Package Outlines 



24-PIN PLASTIC (N PACKAGE) 



m ,oo4 (.ion 



aaa AA^AAA/a 



NOTES: 

1. Controlling dimension: inches. Metric are shown in 




2. Package dimensions conform to JEDEC specification 
MS-001-AR for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 24 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

4. "T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 



.017 (.43) 



300 ( 7.62) 



853-0410 81236 



28-PIN PLASTIC (N PACKAGE) 



- iJHogll .664 (AST 



m 



IPIN t if" 



AAAAiiAAilLilAiiAiLA 



^yvwwwvwF 



.100 (2.54) BSC 

1.480 (37.06) 



NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

4. "T r , "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 




853-0413 84099 
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Signetics Application Specific Products 



Sales Offices 



SIGNETICS 
HEADQUARTERS 

811 East Arques Avenue 

P.O. Box 3409 

Sunnyvale, 
California 94088-3409 
Phone: (408) 991-2000 

ALABAMA 
Huntsville 

Phone: (205) 830-4001 

ARIZONA 
Phoenix 

Phone: (602) 265-4444 

CALIFORNIA 
Canoga Park 

Phone: (818) 340-1431 

Irvine 

Phone: (714) 833-8980 
(213) 588-3281 

Los Angeles 

Phone: (213) 670-1101 

San Diego 

Phone: (619) 560-0242 

Sunnyvale 

Phone: (408) 991-3737 

COLORADO 
Aurora 

Phone: (303) 751-5011 

FLORIDA 
Clearwater 

Phone: (813) 796-7086 

Ft. Lauderdale 

Phone: (305) 486-6300 

GEORGIA 
Atlanta 

Phone: (404) 953-0067 

ILLINOIS 
Itasca 

Phone: (312) 250-0050 

INDIANA 
Kokomo 

Phone: (317) 453-6462 

KANSAS 
Overland Park 

Phone: (913) 469-4005 

MARYLAND 
Glen Burnie 

Phone: (301) 787-0220 

MASSACHUSETTS 
Littleton 

Phone: (617) 486-8411 

MICHIGAN 
Farmington Hills 

Phone: (313) 476-1610 
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MINNESOTA 
Edina 

Phone: (612) 835-7455 

NEW JERSEY 
Parsippany 

Phone: (201) 334-4405 

NEW YORK 
Hauppauge 

Phone: (516) 348-7877 

Wappingers Falls 

Phone: (914) 297-4074 

NORTH CAROLINA 
Cary 

Phone: (919) 481-0400 

OHIO 
Worthington 

Phone: (614) 888-7143 

OREGON 
Portland 

Phone: (503) 297-5592 

PENNSYLVANIA 
Plymouth Meeting 

Phone: (215) 825-4404 

TENNESSEE 
Greeneville 

Phone: (615) 639-0251 

TEXAS 
Austin 

Phone: (512) 339-9944 

Richardson 

Phone: (214) 644-3500 

CANADA 

SIGNETICS CANADA, LTD. 

Etobicoke, Ontario 

Phone: (416) 626-6676 

Nepean, Ontario 

Signetics, Canada, Ltd. 
Phone: (613) 726-9576 

REPRESENTATIVES 

ARIZONA 
Scottsdale 

Thom Luke Sales, Inc. 
Phone: (602) 941-1901 

CALIFORNIA 
Santa Clara 

Magna Sales 
Phone: (408) 727-8753 

CONNECTICUT 
Brookfield 

M & M Associates 
Phone: (203) 775-6888 

FLORIDA 
Clearwater 

Sigma Technical Sales 
Phone: (813) 791-0271 



Ft. Lauderdale 

Sigma Technical Sales 
Phone: (305) 731-5995 

ILLINOIS 
Hoffman Estates 

Micro-Tex, Inc. 
Phone: (312) 382-3001 

INDIANA 
Indianapolis 

Mohrfield Marketing Inc. 
Phone: (317) 546-6969 

KANSAS 
Kansas City 

B.C. Electronic Sales 
Phone: (913) 342-1211 

MASSACHUSETTS 
Needham Heights 

Kanan Associates 
Phone: (617) 449-7400 
Corn-Sales, Inc. 
Phone: (6t7) 444-8071 

MICHIGAN 
Bloomfield Hills 

Enco Marketing 
Phone: (313) 642-0203 

MINNESOTA 
Eden Prairie 

High Technology Sales 
Phone: (612) 944-7274 

MISSOURI 
St. Louis 

B.C. Electronic Sales 
Phone: (314) 521-6683 

NEW JERSEY 
East Hanover 

Emtec Sales, Inc. 
Phone: (201) 428-0600 

NEW MEXICO 
Albuquerque 

F.P. Sales 

Phone: (505) 345-5553 

NEW YORK 
Ithaca 

Bob Dean, Inc. 
Phone: (607) 257-1111 

OHIO 
Cleveland 

Covert & Newman 
Phone: (216) 663-3331 

Dayton 
Covert & Newman 
Phone: (513) 439-5788 

Worthington 
Covert & Newman 
Phone: (614) 888-2442 



OKLAHOMA 
Tulsa 

Jerry Robinson and 

Associates 

Phone: (918) 665-3562 

OREGON 
Hillsboro 

Western Technical Sales 
Phone: (503) 640-4621 

PENNSYLVANIA 
Pittsburgh 

Covert & Newman 
Phone: (412) 531-2002 

Willow Grove 

Delta Technical Sales Inc. 
Phone: (215) 657-7250 

TEXAS 
Houston 

OM Sales 

Phone: (713) 789-4426 

UTAH 

Salt Lake City 

Electrodyne 

Phone: (801) 486-3801 

WASHINGTON 
Bellevue 

Western Technical Sales 
Phone: (206) 641-3900 

Spokane 

Western Technical Sales 
Phone: (509) 922-7600 

WISCONSIN 
Waukesha 

Micro-Tex, Inc. 
Phone: (414) 542-5352 

CANADA 

Burnaby, British Columbia 

Tech-Trek, Ltd. 
Phone: (604) 439-1367 

Mississauga, Ontario 

Tech-Trek, Ltd. 
Phone: (416) 238-0366 

Nepean, Ontario 

Tech-Trek, Ltd. 
Phone: (613) 726-9562 

Richmond, British Columbia 

Tech-Trek, Ltd. 
Phone: (604) 271-3149 

Ville St. Laurent, Quebec 

Tech-Trek, Ltd. 
Phone: (514) 337-7540 
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DISTRIBUTORS 

ALABAMA 
Huntsville 

Arrow Electronics 
Phone: (205) 837-6955 
Hamilton/Avnet Electronics 
Phone: (205) 837-7210 
Schweber Electronics 
Phone: (205) 882-2200 

ARIZONA 
Phoenix 

Schweber Electronics 
Phone: (602) 997-4874 
Wyle LEMG 
Phone: (602) 249-2232 

Tempe 

Anthem Electronics 
Phone: (602) 966-6600 
Arrow Electronics 
Phone: (602) 968-4800 
Hamilton/Avnet Electronics 
Phone: (602) 231-5100 

CALIFORNIA 
Calabasas 

Wyle LEMG 

Phone: (818) 880-9000 

Canoga Park 

Schweber Electronics 
Phone: (818) 999-4702 

Chatsworth 

Anthem Electronics 
Phone: (818) 700-1000 
Arrow Electronics 
Phone: (818) 701-7500 
Hamilton/Avnet Electronics 
Phone: (818) 700-2600 
Hamilton/Avnet Electronics 
Phone: (818) 700-6500 

Costa Mesa 

Avnet Electronics 
Phone: (714) 754-6111 
Hamilton Electro Sales 
Phone: (714) 641-4100 

Culver City 

Hamilton/Avnet Electronics 
Phone: (213) 558-2121 

El Segundo 

Wyle LEMG 

Phone: (213) 322-8100 

Garden Grove 

Wyle LEMG Computer 

Products 

Phone: (714) 891-1717 

Gardena 

Hamilton/Avnet Electronics 
Phone: (213) 217-6364 
Schweber Electronics 
Phone: (213) 327-8409 



Hayward 

Arrow Electronics 
Phone: (415) 487-4600 

Irvine 

Anthem Electronics 
Phone: (714) 768-4444 
Schweber Electronics 
Phone: (714) 863-0200 
Wyle LEMG 
Phone: (714) 863-1611 

Ontario 

Hamilton/Avnet Electronics 
Phone: (714) 989-4602 

Rancho Cordova 

Wyle LEMG 

Phone: (916) 638-5282 

Sacramento 

Hamilton/Avnet Electronics 
Phone: (916) 925-2216 
Schweber Electronics 
Phone: (916) 929-9732 

San Diego 

Anthem Electronics 
Phone: (619) 453-4871 
Arrow Electronics 
Phone: (619) 565-4800 
Hamilton/Avnet Electronics 
Phone: (619) 571-7510 
Schweber Electronics 
Phone: (619) 450-0454 
Wyle LEMG 
Phone: (619) 565-9171 

San Jose 

Anthem Electronics Inc. 
Phone: (408) 295-4200 
Schweber Electronics 
Phone: (408) 946-7171 

Santa Clara 

Wyle LEMG 

Phone: (408) 727-2500 

Sunnyvale 

Arrow Electronics 
Phone: (408) 745-6600 
Hamilton/Avnet Electronics 
Phone: (408) 743-3355 

Torrance 

Hamilton/Avnet Electronics 
Phone: (213) 615-3962 

Tustin 

Arrow Electronics 
Phone: (714) 838-5422 

COLORADO 
Aurora 

Arrow Electronics 
Phone: (303) 696-1111 

Denver 

Wyle Distribution Group 
Phone: (303) 457-9953 



Englewood 

Anthem Electronics 
Phone: (303) 790-4500 
Hamilton/Avnet Electronics 
Phone: (303) 779-9998 
Schweber Electronics 
Phone: (303) 799-0258 

Thornton 

Wyle LEMG 

Phone: (303) 457-9953 

CONNECTICUT 
Danbury 

Hamilton/Avnet Electronics 
Phone: (203) 797-2800 
Schweber Electronics 
Phone: (203) 748-7080 

Meriden 

Lionex Corp. 

Phone: (203) 237-2282 

Wallingford 

Arrow Electronics 
Phone: (203) 265-7741 

FLORIDA 
Altamonte Springs 

Schweber Electronics 
Phone: (305) 331-7555 
Clearwater 
Arrow Electronics 
Phone: (813) 576-8995 

Deerfield Beach 

Arrow Electronics 
Phone: (305) 429-8200 

Ft. Lauderdale 

Hamilton/Avnet Electronics 
Phone: (305) 971-2900 

Hollywood 

Schweber Electronics 
Phone: (305) 927-0511 

Palm Bay 

Arrow Electronics 
Phone: (305) 725-1480 

St. Petersburg 

Hamilton/Avnet Electronics 
Phone: (813) 576-3930 

Winter Park 

Hamilton/Avnet Electronics 
Phone: (305) 628-3888 

GEORGIA 
Norcross 

Arrow Electronics 
Phone: (404) 449-8252 
Hamilton/Avnet Electronics 
Phone: (404) 447-7507 
Q.C. Southeast, Inc. 
Phone: (404) 449-9508 
Schweber Electronics 
Phone: (404) 449-9170 



ILLINOIS 
Elk Grove 

Schweber Electronics 
Phone: (312) 364-3750 

Schaumburg 

Arrow Electronics 
Phone: (312) 397-3440 

Bensenville 

Hamilton/Avnet Electronics 
Phone: (312) 860-7700 

INDIANA 
Carmel 

Hamilton/Avnet Electronics 
Phone: (317) 844-9333 

Indianapolis 

Arrow Electronics 
Phone: (317) 243-9353 

IOWA 
Cedar Rapids 

Arrow Electronics 
Phone: (319) 395-7230 
Hamilton/Avnet Electronics 
Phone: (319) 362-4757 
Schweber Electronics 
Phone: (319) 373-1417 

KANSAS 
Overland Park 

Arrow Electronics 
Phone: (913) 642-0592 
Hamilton/Avnet Electronics 
Phone: (913) 888-8900 
Schweber Electronics 
Phone: (913) 492-2922 

MARYLAND 
Columbia 

Arrow Electronics 
Phone: (301) 995-0003 
Hamilton/Avnet Electronics 
Phone: (301) 995-3500 
Lionex Corp. 
Phone: (301) 964-0040 

Gaithersburg 

Schweber Electronics 
Phone: (301) 840-5900 

MASSACHUSETTS 
Peabody 

Hamilton/Avnet Electronics 
Phone: (617) 531-7430 
Wilmington 
Lionex Corp. 
Phone: (617) 657-5170 
Schweber Electronics 
Phone: (617) 275-5100 

Woburn 

Arrow Electronics 
Phone: (617) 933-8130 
Hamilton/Avnet Electronics 
Phone: (617) 273-7500 
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MICHIGAN 
Ann Arbor 

Arrow Electronics 
Phone: (313) 971-8220 

Grand Rapids 

Arrow Electronics 
Phone: (616) 243-0912 
Hamilton/Avnet Electronics 
Phone: (616) 243-8805 

Livonia 

Hamilton/Avnet Electronics 
Phone: (313) 522-4700 
Schweber Electronics 
Phone: (313) 525-8100 

MINNESOTA 
Edina 

Arrow Electronics 
Phone: (612) 830-1800 
Schweber Electronics 
Phone: (612) 941-5280 

Minnetonka 

Hamilton/Avnet Electronics 
Phone: (612) 932-0600 

MISSOURI 
Earth City 

Hamilton/Avnet Electronics 
Phone: (314) 344-1200 
Schweber Electronics 
Phone: (314) 739-0526 

St. Louis 

Arrow Electronics 
Phone: (314) 567-6888 

NEW HAMPSHIRE 
Manchester 

Arrow Electronics 
Phone: (603) 668-6968 
Hamilton/Avnet Electronics 
Phone: (603) 624-9400 
Schweber Electronics 
Phone: (603) 625-2250 

NEW JERSEY 
Cherry Hill 

Hamilton/Avnet Electronics 
Phone: (609) 424-0100 

Fairfield 

Arrow Electronics 
Phone: (201) 575-5300 
Hamilton/Avnet Electronics 
Phone: (201) 575-3390 
Lionex Corporation 
Phone: (201) 227-7960 
Schweber Electronics 
Phone: (201) 227-7880 

Marlton 

Arrow Electronics 
Phone: (609) 596-8000 
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NEW MEXICO 
Albuquerque 

Hamilton/Avnet Electronics 
Phone: (505) 765-1500 

rifTGW EiGCuGniCS 

Phone: (505) 243-4566 

NEW YORK 
Buffalo 

Summit Distributors 
Phone: (716) 887-2800 

East Syracuse 

Hamilton/Avnet Electronics 
Phone: (315) 437-2641 

Hauppauge, L.I. 

Arrow Electronics 
Phone: (516) 231-1000 
Hamilton/Avnet Electronics 
Phone: (516) 231-9800 
Lionex Corp. 
Phone: (516) 273-1660 

Liverpool 

Arrow Electronics 
Phone: (315) 652-1000 

Rochester 

Arrow Electronics 
Phone: (716) 427-0300 
Hamilton/Avnet Electronics 
Phone: (716) 475-9130 
Schweber Electronics 
Phone: (716) 424-2222 

Westbury, L.I. 

Schweber Electronics 
Phone: (516) 334-7474 

NORTH CAROLINA 
Raleigh 

Arrow Eiectronics 
Phone: (919) 876-3132 
Hamilton/Avnet Electronics 
Phone: (919) 878-0810 
Schweber Electronics 
Phone: (919) 876-0000 

OHIO 
Beechwood 

Schweber Electronics 
Phone: (216) 464-2970 

Centerville 

Arrow Electronics 
Phone: (513) 435-5563 

Cleveland 

Hamilton/Avnet Electronics 
Phone: (216) 831-3500 

Columbus 

Arrow Electronics 
Phone: (614) 885-8362 

Dayton 

Hamilton/Avnet Electronics 
Phone: (513) 439-6700 
Schweber Electronics 
Phone: (513) 439-1800 



Solon 

Arrow Electronics 
Phone: (216) 248-3990 

Westerville 

Hamilton/Avnet Electronics 
Phone: (614) 882-7004 

OKLAHOMA 
Tulsa 

Arrow Electronics 
Phone: (918) 665-7700 
Quality Components 
Phone: (918) 664-8812 
Schweber Electronics 
Phone: (918) 622-8000 

OREGON 
Hilisboro 

Wyle LEMG 

Phone: (503) 640-6000 

Lake Oswego 

Anthem Electronics 
Phone: (503) 684-2661 
Hamilton/Avnet Electronics 
Phone: (503) 635-8831 

Tigard 

Arrow Electronics 
Phone: (503) 684-1690 

PENNSYLVANIA 
Horsham 

Lionex Corp. 
Phone: (215) 443-5150 
Schweber Electronics 
Phone: (215) 441-0600 

Monroeville 

Arrow Electronics 
Phone: (412) 856-7000 

Pittsburgh 

Hamilton/Avnet Electronics 
Phone: (412) 281-4150 
Schweber Electronics 
Phone: (412) 782-1600 

RHODE ISLAND 
E. Providence 

Arrow Electronics 
Phone: (401) 431-0980 

TEXAS 
Addison 

Quality Components 
Phone: (214) 733-4300 

Austin 

Arrow Electronics 
Phone: (512) 835-4180 
Hamilton/Avnet Electronics 
Phone: (512) 837-8911 
Quality Components 
Phone: (512) 835-0220 
Wyle LEMG 
Phone: (512) 834-9957 
Schweber Electronics 
Phone: (512) 458-8253 



Carrolton 

Arrow Electronics 
Phone: (214) 380-6464 

Dallas 

Schweber Electronics 
Phone: (214) 661-5010 

Houston 

Arrow Electronics 
Phone: (713) 530-4700 
Hamilton/Avnet Electronics 
Phone: (713) 780-1771 
Schweber Electronics 
Phone: (713) 784-3600 
Wyle LEMG 
Phone: (713) 879-9953 

Irving 

Hamilton/Avnet Electronics 
Phone: (214) 659-4111 

Richardson 

Wyle LEMG 

Phone: (214) 235-9953 

Sugar Land 

Quality Components 
Phone: (713) 240-2255 

UTAH 

Salt Lake City 

Anthem Electronics 
Phone: (801) 973-8555 
Arrow Electronics 
Phone: (801) 972-0404 
Hamilton/Avnet Electronics 
Phone: (801) 972-2800 
Wyle LEMG 
Phone: (801) 974-9953 

WASHINGTON 
Beiievue 

Arrow Electronics 
Phone: (206) 643-4800 
Hamilton/Avnet Electronics 
Phone: (206) 453-5844 
Wyle LEMG 
Phone: (206) 453-8300 

Redmond 

Anthem Electronics 
Phone: (206) 881-0850 

WISCONSIN 
Brookfield 

Arrow Electronics 
Phone: (414) 792-0150 
Schweber Electronics 
Phone: (414) 784-9020 

New Berlin 

Hamilton/Avnet Electronics 
Phone: (414) 784-4510 

CANADA 
Brampton, Ontario 

Zentronics, Ltd. 
Phone: (416) 451-9600 
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Signetics Application Specific Products 



Sales Offices 



Burnaby, British Columbia 

Hamilton/Avnet Electronics 
Phone: (604) 437-6667 

Calgary, Alberta 

Hamilton/Avnet Electronics 
Phone: (403) 230-3586 
Zentronics, Ltd. 
Phone: (403) 272-1021 

Mississauga, Ontario 

Hamilton/Avnet Electronics 
Phone: (416) 677-7432 

Montreal, Quebec 

Arrow Canada 
Phone: (514) 735-5511 

Nepean, Ontario 

Arrow Canada 
Phone: (613) 226-6903 
Hamilton/Avnet Electronics 
Phone: (613) 226-1700 
Zentronics, Ltd. 
Phone: (613) 226-8840 

Quebec, Quebec 

Arrow Canada 
Phone: (418) 687-4231 

Richmond, British Columbia 

Zentronics, Ltd. 
Phone: (604) 273-5575 

Saskatoon, Saskatchewan 

Zentronics, Ltd. 
Phone: (306) 955-2202 

Toronto, Ontario 

Arrow Canada 
Phone: (416) 661-0220 

Ville St. Laurent, Quebec 

Hamilton/Avnet Electronics 
Phone: (514) 335-1000 
Zentronics, Ltd. 
Phone: (514) 737-9700 

Waterloo, Ontario 

Zentronics, Ltd. 
Phone: (519) 884-5700 

Winnipeg, Manitoba 

Zentronics, Ltd. 
Phone: (204) 775-8661 

FOR SIGNETICS 

PRODUCTS 

WORLDWIDE: 

ARGENTINA 

Philips Argentina S.A. 

Buenos Aires 
Phone: 54-1-541-7141 



AUSTRALIA 
Philips Electronic 
Components and Materials, 
Ltd. 

Artarmon, N.S.W. 
Phone: 61-2-439-3322 

AUSTRIA 

Osterrichische Philips 
Bauelemente 

Wien 

Phone: 43-222-62-91-11 

BELGIUM 

N.V. Philips & MBLE 

Bruxelles 

Phone: 32-2-5-23-00-00 

BRAZIL 

Philips Do Brasil, Ltda. 

Sao Paulo 

Phone: 55-11-211-2600 

CHILE 

Philips Chilena S.A. 

Santiago 

Phone: 56-02-077-3816 

COLOMBIA 
Iprelenso, Ltda. 

Bogota 

Phone: 57-1-2497624 

DENMARK 
Miniwatt A/S 

Copenhagen S 
Phone: 45-1-54-11-33 

FINLAND 
Oy Philips Ab 

Helsinki 

Phone: 358-0-172-71 

FRANCE 

R.T.C. La Radiotechnique- 

Compelec 

Paris 

Phone: 33-1-43-38-80-00 

GERMANY 
Valvo 

Hamburg 

Phone: 49-40-3-296-1 

GREECE 

Philips Hellenique S.A. 

Athens 

Phone: 30-1-9-21-5111 

HONG KONG 

Philips Hong Kong, Ltd. 

Kwai Chung 

Phone: 852-0-245-121 



INDIA 

Peico Electronics & Elect. 

Ltd. 

Bombay 

Phone: 91-22-493-8721 

INDONESIA 

P.T. Philips-Ralin Electronics 

Jakarta Selatan 
Phone: 62-21-512-572 

IRELAND 

Philips Electrical Ltd. 

Dublin 

Phone: 353-1-69-33-55 

ISRAEL 

Rapac Electronics, Ltd. 

Tel Aviv 

Phone: 972-3-477115 

ITALY 
Philips S.p.A. 

Milano 

Phone: 39-2-67-52-1 

JAPAN 

Nikon Philips Corp. 

Tokyo 

Phone: 81-3-448-5617 
Signetics Japan Ltd. 

Phone: 81-3-230-1521/2 

KOREA 

Philips Industries, Ltd. 

Seoul 

Phone: 82-2-794-5011/2/3 
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MEXICO 

Electronica S.A. de C.V. 

Toluca 

Phone: (721) 613-00 

NETHERLANDS 
Philips Nederland B.V. 

Eindhoven 

Phone: 31-40-793-333 

NEW ZEALAND 

Philips New Zealand Ltd. 

Auckland 

Phone: 64-9-605914 

NORWAY 

Norsk A/S Philips 

Oslo 

Phone: 47-2-68-02-00 

PERU 
Cadesa 

Lima 

Phone: 51-14-319253 

PHILIPPINES 

Philips Industrial Dev., Inc. 

Makati 

Phone: 63-2-868951-9 



PORTUGAL 

Philips Portuguesa SARL 

Lisbon 

Phone: 351-1-65-71-85 

SINGAPORE 

Philips Project Dev. Pte., Ltd. 

Singapore 

Phone: 65-350-2000 

SOUTH AFRICA 
E.D.A.C. (PTY), Ltd. 

Joubert Park 

Phone: 27-11-402-4600 

SPAIN 
Miniwatt S.A. 

Barcelona 

Phone: 34-3-301-63-12 

SWEDEN 

Philips Komponenter A.B. 

Stockholm 

Phone: 46-8-782-10-00 

SWITZERLAND 
Philips A.G. 

Zurich 

Phone: 41-1-488-2211 

TAIWAN 

Philips Taiwan, Ltd. 

Taipei 

Phone: 886-2-712-0500 

THAILAND 

Philips Electrical Co. 

of Thailand Ltd. 

Bangkok 

Phone: 66-2-233-6330-9 

TURKEY 
Turk Philips 
Ticaret A.S. 

Istanbul 

Phone: 90-11-43-59-10 

UNITED KINGDOM 
Mullard, Ltd. 

London 

Phone: 44-1-580-6633 

UNITED STATES 

Signetics International Corp. 

Sunnyvale, California 
Phone: (408) 991-2000 

URUGUAY 
Luzilectron, S.A. 

Montevideo 

Phone: 598-91-56-41/42 
/43/44 

VENEZUELA 
Magnetica, S.A. 

Caracas 

Phone: 58-2-241-7509 



Effective 12-16-86 
November 1986 
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